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Westingfhouse 

Qas  Engines. 


Specially  adapted  for 
Direct  Connection  to 


Electric  Generators. 

Electricity  is  the  most 

Economical  and  Convenient 

Form  of  Power  for  all 

Industrial  Purposes. 
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C 


Westinghousc  Gas  Engines  ani  Generators 

installed     at     Messrs.     Cadbury's     Works, 

Bournville. 

The 

British    Westinghouse 

Electric  &   Mfg.  Co.,   Ltd. 


Head  Offices 

Norfolk  Street,  Strand,  London,  W.C. 

Brancfi  Offices : 

5.  Cross  Street,  Manchester. 

6s,   Renfield  Street,  Glasgow. 

City    Chambers,     Collingwood     Street, 

Newcastle-on-Tyne. 
Phoenix  Buildings,  Mount  Stuart  Square, 
Cardiff. 


Works:   Trafford  Park,   Manchester. 

For  Austr.ilia.  Ncu  Zealand,  and  Ta-^mania.  communicate  with: 

Noyes  Bros.,  lop,  Pitt  Street,  Sydney. 
Noyes  Bros.,  15  &  17,  Queen  St.,  Melbourne. 


jfmMmi 


"Tis 


Mining  Machinery 


11  HARDY  PATENT  PICK  CO.,  LTD.,  I 

SHEFFIELD,  England. 


Telegraphic  Address: 

■HARDVPICK.  SHEKFIELI)  ■ 


Tclcplione :  Xntional  157. 

do.  L...:i'    I'-  " 


High=Class    Tools    for    Miners,    Contractors, 
Quarrymen  6   Agriculturalists. 

niir»7»ltl'|ill[iP'i"n|'^n7r,«..ii^^i- 


Makers  of   the    "Universal"    and    "Acme"    Mining    and    Navvy   Piclts. 
HAND    &    POWER    BORING    MACHINES    FOR    ROCK    &    COAL. 

Picks,  Shovels,  Spades,  Forks,  Hoes,  Axes,  Hammers,  Wedges,  Crowbars, 

and  all   Mining,   Quarry,   Contractors,   and   Agricultural  Tools. 


^ 
^ 

<» 

^ 
^ 
* 
^ 
^ 
<* 
<* 
^ 
* 
^ 
^ 


i     SPECIAL    TOUGH     DRILL    STEEL.    SHEAR.    CAST,  <&   BLISTER    STEEL,    SAWS.   FILES.  <S  RASPS. 
2?  IMPORTERS    OF    HICKORY     HANDLES. 

1    c  wlioic  I..1  Uk  conlciUb  ol  tins  pubiR.an.n  !•-  ».<'pyri^lit,  .tikI  lull  ri.Ulit>  ;iit"  n.-'.'-  m^^' 
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PAGES  MAGAZINE 


An    Illustrated    Technical     Monthly,   dealing    with     the    Engineering, 
Electrical,  Shipbuilding,  Iron  6  Steel,  Mining,  &  Allied  Industries. 


DAVIDGE    PAGE,    Editor, 

Clun     House,    Surrey     Street.    Strand,     London,    W.C. 


Telephone  Xo.  :    3349  GERRARD- 

Telegraphic  and  Cable  Address  : 

"SINEWY,  LONDON." 


ANNOUNCEMENTS. 
Subscription    Rates   per   Year. 

Great  Britain -In  advance,  12s.  for  twelve  months, 
post  free.     Sample  copies.  Is.  4d.,  post  free. 

Foreign  and  Colonial  Subscriptions,  16s.  for  twelve 
months,  post  free.     Sample  Copies.  Is.  6d.,  post  free. 

Remittances  ^huuld  be  made  payable  to  Page's  Magazint,  and 
may  be  forwarded  by  Cheque,  Money  Older,  Draft,  Post  Office  Order, 
or  Registered  Letter.  Cheques  should  be  ciossed  "  LONDON  & 
COUNTY  BANK,  Covent  Garden  Branch."  P.O.'s  and  P.O.O.'s  to 
be  maae  payable  at  East  Strand  Post  Office,  London,  W.C.  When  a 
change  of  address  is  notified,  both  the  new  and  old  addresses  should 
be  given.  All  orders  nuist  be  accompanied  by  remittance,  and  no 
subscription  will  be  continued  after  expiration,  unless  by  special 
arrangement.  Subscribers  are  requested  to  give  information  of  any 
irregularity  in  receiving  the  Magazine. 


The  w^hole  of  the   contents  of  this  publication  are 
copyright,  and  full  rights  are  reserved. 


Advertising   Rates. 

.■\ll  inquiries  regarding  Advertisements  should  be  directed  to  "THE 
ADVERTISEMENT  MANAGER,  Clun  House,  Surrey  Street,  Strand. 
London.  W.C." 


Copy   for   Advertisements 

should  be  forwarded  011  or  beiore  tht-  3rd  of  each   mouth  preceding 
date  of  publication. 

'TO     MACHINERY    MERCHANTS     AND 

■*-  EXGIXKERS.  Send  Kir  our  New  dialogue  of  Lathes.  Drills, 
Planes,  and  othe'-  Enijineers'  Tool*;.  Also  for  Circular  of  the  Latest 
New  Pelrnleum  Oil  En.aine^  (Two  Patents,  1002). 

BRITANNIA    ENGINE    AND    TOOL    FACTORY, 
COLCHESTER,    ENGLAND. 


Editorial. — All  communications  intended  for  publica- 
tion should  be  written  on  one  side  of  the  paper  only, 
and  addressed  to  "  The  Editor." 

Any  contributions  offered,  as  likely  to  interest  cither  home 
or  foreign  readers,  dealing  witJi  the  industries  covered 
by  the  Magazine,  should  be  accompanied  by  stamped 
and  addressed  envelope  for  tlie  return  of  the  AISS.  if 
rejected.  When  payment  is  desired  this  fact  should 
be  stated,  and  the  full  name  and  address  of  tlie  writer 
should  appear  oil  the  MSS. 

Correspondence  is  invited  from  any  person  upon 
siib/ects  of  interest  to  the  engineering  community.  In 
all  cases  tin's  must  be  accompanied  by  full  name  and 
address  of  the  writer,  not  necessarily  for  publication, 
but  as  a  proof  of  good  faith.  Xo  notice  tvha lever  can 
be  lakcn  of  anonymous  eoiiiiiiiiiiicatioiis. 

Second  Edition.  Revised.      Price  ys.  6d. 

DEPRECIATION  OF  FACTORIES.  Mines. 
and  hidustrial  Undertakings,  and  Lhcir  Valuation.     With  Tables 
and  Examples. 

By  EWTXG  MATHKSOX,  M.Inst.C.E. 

The  Principles  whicli  should  t^uide  the  Writing  off  for  wear  and 
tear,  Obsolete  plant :  Terminable  or  wastint;  properties  :  Effect  on 
Income-tax  :  Value  detined  as  fur  Compulsory  purchase  ;  Going  concern, 
or  dismantled  ;  Rateable  value,  rental  value. 

"A  successful  attempt  to  systematise  existing  inrormation  and  to  make  it 
po'sSibte  to  arrive  at  uniformity  .tihI  accuracy  ia  iiiakiiig  up  balance  sheets  for 
valuations.     The  woik  is  unique  of  its  kind." — The  Jiiii^n'^fr. 

E.  <S  F.  N.   SPON.    125,   Strand,    London. 


Mr.  G.H.  HUGHES,  A.M.I.Mech.E., 

Consulting  Engineer  for  Water  WorKs, 
97,    QUEEN    VICTORIA    ST.,    LONDON,    E.C. 


Teiepliune  No.:  '5754  Bank. 


JOSEPH  BOOTH  BROS..  LTD.,   -.    xiT'T-TTk.T^       v*  A  i^u  T  VT  TTn  -u- 

RODLEY.  LEEDS.         LIFTING   MACHINERY. 


SELIG.  SONNENTHAL  <5  CO.. 

, '\'^rHn^'°^'!i^'-?n    GRINDING  MACHINES. 

Lambeth    Hill,    London,    E.C. 


THOS.    W.    WARD, 
ALBION    WORKS, 

SHEFFIELD. 


MACHINE    TOOLS. 


See  Page 
63. 


See  Page 
10. 


See  Page 

7. 


Machine  Tools 


CHARLES  CHURCHILL  &  CO..  L 


TD., 


LONDON:  9  to   15,  I  conard  ^t.,  E.C.         5m>IINGH3^1  :  2  to  10,  Albert  ^t. 
M3NCr1E:.*^^l:^i;     NEVCA5TLE=ON=T/NE;    and  til  3^(jOW. 


CINCINNATI     MILLING     MACHINE.       No.    4     Plain. 


NO     BELTS,     PULLEYS,    OR    GEARS    TO    CHANCE. 
/>  n     O/      QlllfCf^    By    using   the  "ALL-GEAR"  FEED,  found 
^tJ      /o    OM.V11U    only  in  the  "NEW  CINCINNATI  "MILLER. 


I  he    abo\c    Machine    can    !^Iill    more    than    70   ><|uare   inches  per  minute  of 
rouvjh  cast  iron   surface    AI    4   vMNCil  I:  CI  I. 


BM>Mm 


Machine  Tools 


Telegrams  i 

"As^uith,    Engineer,  Halifax 

Lieter's  Code  used. 

N.it.  Tel.  I    o<)5. 


SPECIALITY. 


3ft  6  in.  RADIAL  DRILL- 
ING, BORING  iSiTAPPING 
MACHINE. 

The  most  Improved 
Machine  on  the 
Market  for  executing 
High-class  Accurate 
Work    quickly. 


STEEL    GEARS 
Machine  Cut  throughout. 


The  Machine  is  manufactured 
in  large  quantities,  enabling 
me  to  offer  them  at  a  Price 
defying  competition  for 
a  High-Class    Tool. 


ALWAYS    IN     STOCK. 


WILLIAM    ASQUITH, 


COMEINED   HORIZONTAL  DRILL- 
ING.        BORING. 

MILLING  (St 
FACE-PLATE 
TURNING 
MACHINE. 
Send  /or   Pjriiciiljn. 

ALWAYS  IN  STOCK. 

FIVE  First    Priie    Medals 
lor  Machine  Toots. 

Ccnuactor   to   fnli-)b 

an^   ifcicum    Oovinis 

inents. 

1->1.\H1.I^MI-.1)    lS'i5, 

.  .  Ageiits  wcnKd. 

Highroad     Well     WorKs, 
Halifax     (England)  ,     .     , 


Telegrams 


SEND    FOR    CATALOGUES 

fNew  Issue,    Post  Free. 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


Telegrams;     •MILLING.    SHEFFIELD."         for  tbC   tlilUSl  illia   HlOSt   ilp-tO-DiltC 
National  Telephone  No.  :  pSj. 


HEAVY  = 


MACHINE 
TOOLS   =  = 


PLATE    BUNDING    MACMINt. 


Also  Special  Lifting  Jach  for  Electric 
WRITE  .  .  .  Tramcars. 

GEORGE  ADDY  6  Co.. 

WAVERLEY  WORKS.  SHEFFIELD. 


n  ''<- 


V..i«^=^' 


.  I      *    .^__  ^  1     . 


:3^ 


Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

fOP    SMITHS'    SHOPS    AND    FORCES 

Forge    Cranes,     Hand     and     Steam. 

DAVIS   ^   PRIMROSE, 

Xcttb   JlOlUVOlhii.    EDINBURGH. 

Code  word  lor  this  Machine.  "  EvEiil.Ass."         Al  .iiul  ABC  Codes  used. 
TiOegrams  :  "Etva.  Lfitii." 


Machine  Tools 


This 
Is  The 


"  Hartiiess  "  Flat  Turret 
Lathe,  which  is  now  so 
popular  with  the  leading 
engineering  concerns  of  the 
world.  Takes  sirains  direct, 
covers  a  wide  range  of 
work,  and  does  not  get  out 
of  order. 


CATALOGUE    SENT    ON     REQUEST. 

JONES  &  LAMSON  MACHINE  Co., 

.M  .^  Exchange  Buildings,  BIRMINGHAM. 


PATENT    PLANING 
MACHINE. 


One  of  the  greatest  dis.idvantages  in  connection 
with  the  American  type  of  Planing  Machines 
hitherto  has  been  the  restricted  position  of  the 
belt  drive.  There  is  only  a  latitude  of  a  few 
inches  on  one  side,  the  Vertical  position.  This 
has  been  overcome  by  our  patented  attachment, 
which  enables  the  belt  to  drive  at  any  angle 
between  Vertical  and  Horizontal  from  the 
countershalt  to  the  machine. 


CUNUrrE  &  GROOM,  Ltd., 

Broughton    Iron   Works, 
MANCHESTER. 


Showroom  : 

66,    Victoria    Street,    MANCHESTER. 


RsTxni.i  ;ni:Li  iSf^. 


MMM 


Machine  Toois 


H.  W.  WARD  &  C«--  bSiVghTm. 


Machine  Tool  Makers. 


Telegrams : 
'TUDOR, 

BIRMINGHAM. 


Coiitractoi5  to 
British   &  Foreign 
Governments, 
and  leading 
Engineering  Firms. 


IMPROVED    LINCOLN    TYPE    MILLING    MACHINE    FOR    HEAVY    DUTY. 

Sire  of  Table,  Over  all  .  -  8  it-el   0  in.   by  3  feet  0  in. 


Size  of  Table,  WorRing  Surface 
Traverse  of  Table        =  =  =  . 

Ma.ximum  Width  between  Head  and  Steady 
Minimum  ,,  ,,  ,,  ,, 

Cross  Movement  of  Head  and   Steady    • 
Spindle  =  =  .  =  , 

Ma.ximum  Height  of  Spindle  above  Table 


7      „  0  „     by  2     „     4    „ 

6     ,,  0  ,,     OP  longer  to   order 

4      „  8  „ 

3      „  4   „ 

6    in.  each. 

3'    ..  dii. 

24  „ 


We  make  Six  Sizes  of  these    Machines,  which  embcdy  all  the  latest   practice.     They  are  suitable  for  all 
kinds   of    Electrical    and    General    Engineering    Work. 

FUX^L       I»ARXICULARS       ON       APPLICATION. 


Machine  Tools 


Selig,  Sonnenthal  &  Co, 


PORTABLE  CRANES  AND   HOISTS. 

For   lifting   work   on   and    off    machine    tools,    etc. 
For    transporting     heavy    pieces    about    the    shop, 

etc.,    etc. 
These   cranes   are   actually  tested   to    the   full   load 

before   being  sent   out. 


P^ 


85,    Queen  Victoria    Street,    and 
Lambeth    Hill, 

LONDON,  E.G. 


®!l'i(|ffe(iagDEOI 


Machine  Tools 


This  white  space 

IS 

paid  for 


AUTO.  StREWCUTTtR 

CLEAVtrS 


Though  you  may 
not  thinK  it. 

J. P. 


BERTRAMS    LIMITED 


London  Office : 

21,  Gt.  St.  HELEN'S,  E.G. 


ST      KATHERINE'S    WORKS, 

SCIENNES,  EDINBURGH. 


Circular  Cutter  with  Punch  and 

ApoiRATUS    ^O^    CtPCLES. 


Manufacturers  of   all   kinds   of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 
BOILER    MAKERS,    &.c .    &c 


For  Gears,    Bevels,    Worm   Wheels,  Spirals, 
or  anything  in  the  gear  line,  write  to 


^^**'--  -^A  -^^--^^^^K 


\ 


h  THE  BUFfOLINE  NOISELESS  GEAR  Co.,    .^  ^        .- 

^  ^^-  LEVENSHULME.        VIMB^/^ 

^  -    ■••*^^  WHO    ARE    THE    ENGLISH  ^l^gP^ 

1  GEAR   SPECIALISTS. 


Machine  Tools 


ELECTRICALLY- DRIVEN  TOOLS, 


SPECIAL   MOTORS 
FOR   ALL   KINDS   OF 
HEAVY    IVIACHINERY. 


ANGLE     AND     TEE     IRON      BENDING     MACHINE 


OROMPTON  &  Co..  Ltd., 

ARC    WORKS,    CHELMSFORD. 

Head  Office:  SALISBURY  HOUSE,  LONDON  WALL,  LONDON,  EC.        (29) 


I    Hydraulic  Machine  Tools 


■  Mb. 

West  Hydraulic  EiiBiiieeriiiB  Co., 


Telegrams  : 
*' AcROSTlCAL.  London  "' 

'ACROSTICAL,    I3l;Al)l--OKl)  ■■ 


Contractors 

to   the 

Governments 

of 

Great    Britain. 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland. 

Japan. 


ESTABLISHED  1894 


NO   OLD 
PATTERNS! 


23,   COLLEGE   HILL,    LONDON,    E.C. 

WorKs  :    BRADFORD.    YORKS. 

MaKers   of  .   . 


High  Grade  Hydraulic  Plant 
and  Machinery. 


The  Hydraulic  Presses  supplied  by 
the  ^Vest  Hydraulic  Engineering  Co. 
to  the  British  Government  since 
I89S  have  a  total   working    power  of 


19,000  tons. 


QUICK. ACTING     HYDRAULIC     FORGING    PRESS. 

c 
100   Tons  on    Main    Ram.  73    Tons  on    Horizontal    Ram.  50   Tons  on   Stripping    Ram. 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


Elland    Road, 
LEEDS.    ^     ^ 


Hinged 
Portable    Rivetter. 

( iener.illy  used  for  dfalini*  \\  ith  tlie 
platint*  of  \esst'ls.  This  type  of  n\etteris 
especially  desiiined  for  shipbuilding  and 
l^irder  \\orU,  The  workinji  valve  and  the 
cylinder  are  clear  of  the  rivettinji  dies,  so 
that  the  machine  can  be  used  for  rivetting 
in  corners  and  narrow  spaces  which  could 
not  be  readied  with  the  bear  t>pe  of 
machine.  The  two  arms  are  of  mild  ciist 
steel  and  made  to  hinge  on  a  massive 
gudgeon.  The  whole  machine  is  exactly 
balanced  so  that  it  can  be  moved  by  means 
of  the  handle  shown  <m  the  front  into  any 
position.  All  the  cylinders  are  bronze 
bushed  and  the  salve  is  of  phosphor  bronze 
of  our  improved  balanced  piston  type.  The 
machine  is  supplied  complete  as  shown  and 
can  be  made  to  give  any  pressure  required 
on  rivets. 


ABC  Code.  -Ith  Edition,  used. 

Telegraphic  Address;  "Press,  Leeds 

Telephone  No.  ;   2362. 


*^  Tt  is  Ulorth 
^  Vour  Ulbilc 

*C6  to  Buy 
!fr  Direct 


Che  Reliance  rubricating  Oil  Co* 

M.iniif.i.  Hire  ,ui.|  Siippl;   tlu-  Ik'-t  :ir,d  i   l.-  .i]  .e^t 

HIGH-CLASS     NON-CORROSIVE 

LUBRICATING     OILS 

AND     SOLIDIFIED     LUBRICANTS. 

C.EsIor.  l.aril.  uiivr-.  Ne.tisfoot.  ami  I^iiisee.l  i 'l1^,  Tallow,  Ac. 


Che  Reliance  Eubricating  Oil  Co.,  ^ 

19  &  20,  Water   Lane,   Great   Tower   Street,  T^ 

LONDON,    E.G.  <^ 

Also   99,  Great   Clyde   Street,  Glasgo^v;    and  d%^ 

1.  Sandhill,  Newcastle-on-Tync.  a^ 

'I^'L-tTaiils  :    ••  Si." I: AST K  \i..    L<  -six  >N'.  T^ 


Teleplionc-  Xu. :   AXF.NUE  5ft 


ABC  Cde  Us 


* 
|i^^-#$$$$$^$$$$$$$$$$#$$$$^$$$$$$$$$$$$$^$$$$$$$$il 


KiM^*J»*A**4fe;»**i»***i»**»i»^»*it*i»*^M;*4■***i»***!M■  ****4**A*************************5 


TAYLOR 


AND 


CHALLEN 

*  l-TD., 

Engineers  Si  machinists, 


DERWENT  FOUNDRY, 
CONSTITUTION    HILL, 

BIRMINGHAM. 


J' J 


AMONG    OUR   SPECIALITIES   ARE 

Power  Presses,  Cools, 
Shears,  and  Cathes. 

Fur  SliL-et  .Metal  Drawing,  Stamp- 
ing, and  Spinninji.  &c. 
See  accompanying    illustration   of 
our  Double  Cranlt  Forging   Press 
for  Clipping  Drop  Forgings. 

Press  Cools. 

For  the  production  ot  Electric 
Light  Fittings,  Cycle,  Motor 
Dynamo,  and  Telephone  parts. 

machinery. 

For  the  production  of  Coins,  Solid 
Dra"  n  Cartridge  Cases  for 
Small  Arms  and  Quick  Firing 
Cuins,  Smokeless  Powder,  and  Gun 
Cotton,  itc. 


t***^*?****¥*V**********¥^**^r^********* 
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Machine  Tools 


Jos.  C.  NICHOLSON  TOOL  Co 


Write    for    our 
New  Pochet 
Catalogue. 


Engineers   and    Machine   Tool    MaKers, 

CITY  ROAD  TOOL   WORKS, 


Telegrams  : 

■•  MACHINERY." 


^^ 


NEWCA8TLE-0N-TYNE. 


'^i![E«illfei 


A    LABOUR    SAVER 

for    the 

BLACKSMITH'S   SHOP. 


The    "  Standard  "   Hand  Power 

Welding  &  Forging 
Machine. 


Two  men  can  weld  bars  and  shafts 
on  this  machine  up  to  three  inches 
diameter,  and  three  men  up  ta  six 
inches  diameter.  One  man  on  the 
lever  gives  a  pressure  on  the  bar  of 
20  tons,  which  can  be  utilised  to  com- 
press collars  and  bosses   in   iron  bars. 


FORCIHC  CAM  SHAFT 


J. 


WELDinC       TLANCE    COUPLINCS 


B055INC    ENQ    OF    SHAFT 


^ 


SAME    FINISHED 


FORCING     COLLARS  BY  CDHPRESSiON 


INSERTING    BOSS     IN    SHAFT 


CHE  adjoining  illustration  shows 
samples  of  worK  which  can  be 
effectively  and  economically  done 
on  this  machine,  such  as  \%elding 
flange  couplings  on  shafts,  and  the 
flats  on  to  ships'  stanchions.  Bossing 
flat  bars  by  compression,  forming 
collars  and  bosses  in  round  bars, 
inserting  bosses  of  larger  diameter,  6c. 
No  smith's  shop  is  complete  without 
this  machine. 


PIECING   SHAFT 


B05SINC    FLAT   3AR5 


PIECING     BROKEN      SHAFT        INSERTING     WASHER   TO  FORM    RIGHT     LENGTH 


B^ 


i 


Ll 


WELOINC      rnOT       TO    SHIP     STANTIONS 


^ 


I MET 


METHODS    OF    WELDINC     SHIPS     STANOHIONb 


§Mmif 


Machine  Tools 


s 


Designed  for  the  accurate  and  rapid  production  of  duplicate  work 
formerly  done  on  the  lathe  or  milling  machine.  Made  in  9  sizes, 
grinding    from    10    to    20    in.  diameter,    and    from    20    to    144   in.   long. 

Further     Particulars     on     application. 

\  C.  W.  Burton,  Griffiths  &  C° 


I,  2  &-  3,  Ludgalc  Square.  Ludgalc  Hill.   LONDON.  E.G. 
And  at  59.  Finmeston  Street.  GLASGOW. 


i(> 


Machine  Tools 


YOU  USE  SAWS! 


HAVE  YOU  A 
SHARPENING  MACHINE  P 

CLOVER  S  IMPROVED  PATENT  YOUR  BEST 
INVESTMENT.      NOT  ONLY  A  CULLETTER 

OR  SINKER.     REALLY  A  SHARPENER. 
Radical  saving  in  wages,  time,  and 
files.  Many  hundreds  in  daily  use. 

CLOVER'S  PATENT 

FIREWOOD 

SPLITTING,  ARRANGING  &  BUNDLING 

MACHINERY 

Dees  the  work  of  from  12  to  80  men, 

the  saving,  therefore,  in  wages  alone. 

apart   from  the   ordinary    profits   of 

the  trade,  means 


A  CERTAIN  &  CONSIDERABLE  INCOME. 


Glovers 
Patent 


>^ 


Sawing  6  Woodworking   Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries.  Shipyards, 
Dockyards.  &c.,  &c. 

J& 

Over  i,oo» 
Workmen     em- 
ployed in 
this 
Department- 

Catalogues  and 

Prices 
on    Application. 


Over  70,000 

Sawing    Cs    Wood= 

working  Machines 

supplied. 

"GRAND  PRIX." 
is.   1900. 


Jff 


Over   70  Gold 

Medals 

and  other 

Hiuhest 

Distinctions. 


HF.\    LAm.K    I'ATENT    HmRIZONTAL    BAXD    MlLLl 


•  •"■">-»  ^^  T  T 'V  T  T^ 'Tfe        CO       ^~^ /^  Chief  Office  and  Showrooms: 

KIRCHNER  ^  CO.,  21 25.  tabernacle  st  . 


London,  E.G. 
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Machine  Tools 


Wood  Working 


Complete  Catalogue,  containing 
over  200  illustrations,  sent  .  . 
free  on  application 


Machinery. 


DL    HEAVY    PLANING    and    THICKNESSING    MACHINE. 

Kicssling's  Machine  Co., 

46,   RIVINOTON  STREET,  OLD  STREET,   LoNDON,   E.C. 
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g^iiiSt?    M^ine  Tools,  &c. 


' 


Luke  &  Spencer,  ua, 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  ; 

"Emery.  Altrlucham.  ' 
National  Telephone  : 

*' Altrincham  49." 


Manufacturers  of 


G  R I  ND  I  N  G^ 
and   .... 


POLISHING 
MACHINES. 
EMERY.     .     . 


WHEELS . 


Etc. 


Send  for  our 
E  n 1  a  rged 
Catalogue, 
free    on 
Application. 


J.  P.  Hall  &  Sons, 

Ltd.. 

PETERBOROUGH 

We  make   a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 

ECONOMICAL  AND   EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
the  expetiditure  ot  1  lb.  of  Steani. 
Tliis  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  increases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 


LOBNITZ'  QOLO   UREDQERS  ARB 

AT  WORK   IN   URITISH    NORTH 

AND  SUUTH   AMKRICA,   AFRICA, 

A5IA,  &c. 


,st:>o<>.'v'^^"'^" 


, .-  U>'^ 


UOBNjIi 


^      Ltd    RenfR^ 


ScoTLM;i2; 


Teleuraphlc  Address: 
LOBNITZ.   RENFRKW.     AlCode  used. 


The  "Kingston"  Patent  Dredger  6  Excavator. 


*' Kingston"  Dredger  and  Grab 

H\cd  u[ii>n  ;i  Huppcr  Uar^e  nt  \Mi  tons  capacity, 
havinji  separate  propellmj;  cnjimcs  and  special 
bui'er,   as  supplied  to  the   Spanish    CJovernmcnt. 


Sdle  .Manufacfurcrs  and  Patentee* 


ROSE.      DOWNS      &      THOMPSON,    Ltd.,         ""^    '^""""■^     "V2'r'Ma%"K''La„e. 


LONDON. 


'9 


W — 5>jt  '-         *  >"'  f  II 

f(    Mining  Machinery 


THE     NEW     . 


Calyx  Patent  CORE  Drill. 

CORES.      3   in.    to    iOin.    DIAMETER. 


£    J= 


.2    M     a 


'  '  ■  ■              -'  '    ^   "^ 

^rr-     ■                ^ 

„.,.,,.       ,.   , 

, 

■■:'r"    ■       .        :     r^ 

-^m 

■.^:'-'^ 

--,    .. 

■'■•.■■,;""-'r?23 

-^V.^     -.     r-.*'^ 

■rw^?-^ 

lA 
111 
(C 
O 

u 


«     ^     t/1 


..I  .ittii.il  ^ize 


Contracts  undertaKen  for  Boring 

ARTESIAN  WELLS  &  COALFIELDS. 

COAL    COPES    A    SPECIALITY. 


The  New  Calyx  Drill  &  Boring  Co.,  Ltd., 

161    to    164,    Dashwood    House, 
NEW     BROAD     STREET,     LONDON,     E.G. 


431  WiLFLEY  Tables 


Have  been  installed  by  the.  .  . 
ANACONDA  COPPER  COMPANY, 
and  are  now  in  use  at  that  mine. 


If  you  are  in  the  market  for 
CONCENTRATING  MACHINERY, 
send  for  particulars  of  the  No.  4 
WiLFLEY  TABLE,  to  be  obtained 
of  the   Sole    Proprietors:  — 


THE  WILFLEY  ORE    CONCENTRATOR 
SYNDICATE,   Ltd., 

7- 1 1,  Moorgate  Street,  London,  E.C. 

Telegraphic  Address  :  "Wkathless,  Loxoox." 

Telephone  \o. :  1652  London"  Wall. 

Codes  used:    BEDI-ORD    McN'MLl.  :   A.  B.  C.  ;    MoKKINr.  iS:  Nkai  , 

Gknkkai  . 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Goncenirator. 


FRIED.   KRUPP 
GRUSONWERK 

Magdeburg-Buckau  (Germany). 


COMPLETE 
MACHINERY 

for 


Cement 
Works. 


Grinding   and    Mixing   Plant    .     . 

for  Calcium  Carbide   Factories. 

^  ^  ^ 

A.^Liit  for  Cirtat  P,ritian  and  Ireland  : — 


W.  8TAMM, 


25,  College  Hill, 
Cannon  St.,  London,  E.C. 


StiiyfgiMlSQJIi 

ENGINEERS  &TOOL  Makers. 

TD  MACHINE    CLEAN  &  BRIGHT 
ALU    OVER. 

Pakker  f  oundryCo.Dekby. 

ON    ADWIIRALTY     LIST. 


^^^^LEEi^"^^ 


'^M&lBmM 


I 


Mining  Machinery 


Scft^Rtumfej, 


Electrical  &  General  Engineers, 
Newc-astleonTyhe. 


(  En  G  LV^  N  D. ) 


Tiliu'iapliic  AtWress  :    ■  ESCO,   XF.WCASTI.K  ON  TVNR.  '  I.ON'DOX  OH-  ICK  ■  20,  New  Bridge  Slrcct,  Wnckfrinis 

Branch  Offices :  London,  Glasgow,  Cardiff,  Sheffield,  Birmingham,  Calciilta.  Bombay,  Bangkok.  Shanghai. 
Johannesburg.  „ 


The  .... 
Ill-ustraticn  . 
shews  one 
::"cur  Three- 
Throiv  .  .  . 
Mining  .  .  . 
Pumps  and 
Meters  .  .  . 
iirecl  reared 


MINING  MACHINERY 

Pumps.  Haulage  Gears,  Coal  Cutters,  Drills.      Engines,  Dynamos,  Motors,  Fans,  Cranes.  6c..  Oc. 


Mining  Machinery 


■ 

o 

• 

UJ 

O 

1 

!.■  i;. 

I  r-^^Sifpi 

El 

bJ 

0) 

/Udl 

X 

re                     •;:    (u 
O    •-;                 Jc     re 

C/3 

f: 

^ 

W        '»   C^fe 

CJ 

en.              ^"- 
re    E           •   w  -a 

tt 

• 

■  simM^^k 

S 

la  5         »    e    " 
£  **  t:  ,"  0.   n 

i^ 

o 

W^^^m 

a 

z 

£  .=  -^    E  1   £ 

2  £ 

^ 

o 

s 

< 

m 
a 

1 

X 

to 

i   < 

Steam  Engines, 
Reducing  Mach 
Cement  Mal<ing 
Linl<enbach   Sli 
Magnetic  Separ 
Perforated  Plat 

c3  r 

^    = 

UJ     c 

» td 

a 
o 

o 

IIOI.T    WOKKS,    l.joo.         KOI 

NG    AND   CO 

^ 

RMANN,   M.I. Mi 
KOCHS  &  CO., 

C  PLANT.     ' 
'  BOILERS, 

g   bulk  samples 
Plants.                             / 

u 

'  :^t^'^P(^PH| 

2      CO 

M      to 

^^      t        1    ^ 

o 

u 

p       "M^^y 

^  ^  U      Si 

UJ    ^ 

n 

«^ 

§     OS 
^      Ul 

ETTE  M 
,TATIO^ 

ning  Brow 

>  at  Kalk,  fo 
)  before  ten 

E    < 

<l 

^    UJ 

OLT 

< 

t'^ 

MM 

o 

c 

z 

i 

o 

AL   BRIQU 
ES,  AND  5 

ruction  for  bur 

Ed  Testing  Works 
id  Ore  (3-10  tons 

if  i 

era 

00 

^ 

WN   CO 
3M0TIV 

ecia!  Const 

tcly  cquipp 
of  Coal  ai 

CO 

3 

u 

< 

O    U    t^       a 

CH  o  -      1 
CQ  _J  o      5 

^©iWH^iaiMiT^^i^^ 


Fraser  &  Chalmers, 


ENGINEERING, 
MINING, 
MILLING, 
SMELTING,    f 

eoNeEN- 

TRATION,   f^^g^,;^'%^ 

LEACHING       ' 
MaeHINERY 

WINDING    ENGINES. 


LIMITED. 


Riedler 

Pumps. 

Riedler 

Compressors. 

Riedler    Electric 
Pumps. 


RIEDLER     AIR     COMPRESSOR. 

Compound  Air  and  Steam— 4,2.50  cubic  tect  ot  air  to  !So  lbs.  incssurc. 


FRASER  6  CHALMERS, Limited 

Offices:  43,    THREADNEEDLE   STREET,    LONDON,    E.G. 


Works     ERITH.    KENT. 


Tubes 


MANUFACTURERS    OF 

Weldless  Steel 


Iron 
Tubes, 


Steam  Pipes,  Hydraulic 
Tubes,  Boiler  Tubes, 
High  Pressure   .   . 
Steam  Mains, 


HOLLOW  FORCINGS, 
COLLARS,  FERRULES 
BUSHES.  LINERS. 
COUPLINGS.  AXLi.S. 
PISTON  RODS. 
Etc..  Etc.. 
Quoted  for  on  .  . 
receipt  of  .  ,  . 
particulars. 


.  FOR  . 


Super-heaters 

A  SPECIALITY. 

Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham.'' 


''^^iMmm 


Tubes 


Thomas  Piqqott  &  Co..  Ltd.. 


ATLAS    WORKS, 

5^»kl^(i    HILL. 

I5IRA\INOH.\M. 


GAS.  HYDRAULIC  and 
GENERAL  ENGINEERS 

^    j»     * 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders.  Castings. 

Welded  and  RIvetted  Steel 
Pipes. 

Stamped  and  Steel  Angle 
Flanges. 

Steel  Chimneys  of  all  sizes 
and  designs. 

Tanhs  In  Steel  or  Cast  Iron 
for  Petroleum  &   Water. 

Pans  for  Sugar,  Casssda, 
Ac,  for  all  Markets. 


14.  Ct.StJHOMAS  APOSTLE 

■Alias,  iiimiinj'hani, 
"  Interseclion,  I^indon." 

ABC  and  A I  Codes  used. 


Steel  Lattice  Girder  Bridge,  in  one  span  of  115  feet  10  inches.  12  feet  deep,  and  13  feet  wide,  erected 
o-tr  the  Kncr  Ttiin  i.t  l.ullinv.  ;ind  carrying  Welded  Steel  >L'»in  5  feet  o  jikHls  di.init-tcr. 

'    ■  \\:r  I'.;:  iiiiii^Iiam  WlI^Ii  Water  Scheme. 


THE  WELDLESS  STEEL  TUBE  Co., 

LIMITED, 

ICKNIELD    PORT    ROAD,    BIRMINGHAM. 


The  Original   Makers  of 

PATENT    WELDLESS    STEEL    TUBES 


ON    ADMIRALTY     LIST. 
ESTABLISHED     1872. 


For  BOILERS 

HYDRAULIC     PRESSES 
FERRULES 
BORING     RODS 
BUSHES 


SHAFTING 
COUPLINGS  <S 
GENERAL 

ENGINEERING 

PURPOSES 


Riveted  Work 


The  ki 


LANCASTER  " 


PATENT 


R.  T.  WI. 


METALLIC  PACKING 

Supplied      to     British     and     Foreign 
Navies  and   all   Principal  Engineers. 


.*     .4     .<■ 


V_ 


I  n"ii 


"  PERFECTLY    STEAMTIGHT. " 

^    -f    '^- 

Save    60   per   cent,    of    Friction    over 

best    Asbestos    Packing.      Need    not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS      TO- 

Lrancastcr  ©    I  Onge,  L/td.  Pcndieton,  Manchester. 


F.  A.  KEEP,  JUXON  &  Co., 


Manufacturers  of 


Riveted  Work  Des^i 


TANKS  for  Water  Softening  €)  Purifying  Plants. 


riptions. 


MISCELLANEOUS 
IRON-PLATE    and 
CONSTRUCTIONAL 
IRONWORK. 

Railway    Carriage    Tanhs 

a    Speciality. 

PERFORATED    SCREENS. 
DAM     PLATES  and  other 
COLLIERY    IRONWORK. 


f  orward    i^orks, 

BARN     STREET. 

BIRMINGHAM. 

\„linii,il  Ti-l.'|.li,.n..     :■.,,'• 

1  •  lt'k:nLiiih         .strucUirt-K.  rrirtnliif^liaiii 


fmii^®M 


Aerial  Ropevva)S 


Aerial  Ropeways 


AND   INCLINES   ON   ALL  SYSTEMS 


CONSTRUCTED   BY 


BULLIVANT  &  CO.,  LTD 

iFn.in  Jt.,ii;ns  hy  W.    W   H    CAHRIXGTON    M  In^t  C  K  ) 

EXAMPLES  AT    WORK    ALL    OVER    THE    WORLD. 


Y--- 


.!»V' 


1 


j'C,; 


View  ol  a  Ropeway  recenily  const  ucled  lor  the  Corporation  of  Liverpool. 

Rcpew&ys   conttrucled   to   carry   frcm   50   lo   2,0C0   tons   per   Cay.     Suitable   fcr   the   transport  cf  all 

descriptions    tf    materials. 

ILLUSTRATED    PAMPHLET    MAY    BE     HAD    ON     APPLICATION. 


\IAKI  k^   Ol- 


Flexible  Steel  Wire  Ropes  for  Cranes,  Lifts,  Hoists 

Siuspension  Bridges,  Ropeways,  &c..  Hauling  and  Winding 

Gear,  and  Pulleys.  Clamps.  (Sc. 

Regd.  Office     72,  Mark  Lare,  EC.  Works    Millwall,  E. 


'^^SJM^wi 


Aerial  Ropeways 


Hoibting  and  Conveyini;  Plant,  erected  lor  the  Norddeut^ihe  Kohk-n  &  Coakswerke  a  ^   Hamburg. 
These  Three  Cranes  unload  1.500  Tons  Cargoes  in  Ten  Hour-. 

SHIPBUILDING    and    YARD   CRANES. 

Cable  Hoist  Conveyors.       Blast  Furnace  Hoists. 

THREE-MOTOR    ELECTRIC    TRAVELLING    CRANES. 
^      ^      ^      Improved    Band    Friction    Hoisting    Machinery. 

Plants  also  desiiiiicd  in  cnnnection  with  BLEICHEKT'S  WIRE-KOPE  TRAMWAYS, 
as  per  advertisement  of  the  pieceding  and. following  nuniber. 


AN    EXPERIENCE    OF   30  YEARS. 


Ifieprcflciitativc  :- 


Proposils  Cheerfully  Furnished. 


J.  SCOTT-ANDERSOM,  iSlKir 

.     .     SHEFFIELD,  Royal  Insurance  Buildings. 


I 


Wells  Light 


cssntj^ 


"Wells  Light 


1;    THE 

«     POWERFUL    PORTABLE    LIGHT    FROM    OIL 

PI 


>>      (WallworK  and 
Wells'  Patents^. 


Up  lo  5.000  Candle  Power. 

For     ENGINEERS.     CONTRACTORS.     SHIPYARDS,  ^'^- 

RAILWAYS,  COLLIERIES.  QUARRIES.  MINES. 
HARBOURS.    OOCKS.  e.c.     ^^^^   ^^^^   ^^^^ 

Supplied  to  500  British  and  Foreign   Railways. 

Adopted   by  26  Governments  and  all   leading   Firms 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 


Xo.  0. 


L.imp.     500  Candle-power     Small  Hand  pattern  . . 

1.  Do.       500  or  I  500  Candle-power.     Hand  pattern 

2.  I.soo  or  2,500  Candles.     Useful  and  Portable  pattern 

3.  2.500  or  3. ,500  Candles.     Manchester  Ship  Cailal  pattern 

4.  3  500  or  5.000  Candles.     A  most  powen'ul  Lamp 

limns  either  lieavv  We'Is'  Oil  or  Petrolt-uni.  but  the  foimer 


£7 
£10 
£15 
£16 
£17 


7s. 

Os. 
10s. 
10s. 
15s. 


>i 


yi\e3  about  30  per  cent,  more  light  than  petroleum. 


s  very  cheap  and 


ntf 


The  Wells  «   ^Lightning' 


Painter  ^ 
Colour 


Lime    and 
Washer 


iWallworK  and 
Wells'  Patents). 


Over  500 

Plants 
supplied. 


No.  I   Painter 


Single  Air  Compressor 

Double  .,  ..  

Vertical  EiiRine  Hoiler  and  Air  Com- 
pressor combined    Boiler  Lajijicd  £104 


Os. 


!! 

it 
il 

iS 


* 


For  Engineers,  Contractors,  Ship= 
builders.  Bridge  6  Girder  Works, 
Boiler  Shops,  Wagon  WorKs,  Gas 
Works,  etc.,  etc. 

Adnplcri  In   12  lii.vernments  and  the  Ptinripat  Railw  iv~ 
and  Gas  Work';  m  Great  Mrilain 

CHl^  Lightning  Painter  is  operated  by  C.inipicssed  .\i: . 
1  he  paint  or  lime-wash  is  sprayed  evenly  and  con- 
tinuously throu.iih  a  t)e.xible  lube  and  uo//ic 
supplied  with  compressed  air.  either  trom  cxistint;  .lir 
main  or  fiom  our  special  Compressois.  Where  com- 
pressed air  is  available,  only  a  l^ecUiciu^  Vaive  is 
required,  which  we  supjily.  25s.  each,  iny  use  with  tlie 
Painters. 


£25  Os. 

£30  Os. 

£35  Os. 

£17  lOs. 

£27  Os. 


SILVER    MEDALS    AWARDED 

^    PARIS   EXHIBITION,   1900. 

A.  C.  WELLS  6   Co..    100a,    Midland   Road,    St.    Pancras, 


WorKs  :  Cheetham.   Manchester. 


LONDON.   N.W. 


u 

41 
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Electrical  Apparatus  I 


International  Electrical 
Engineering    Co., 


Car  Equipments  supplied  to  LIEGE,  BRUSSELS,  HERSTAL,  BUCHAREST,  GLASGOW,  etc. 
Also  100   Horse   Power  Railway  Motors    to  BELGIAN    STATE    lAILWAY 


Clun    House, 

Surrey  Street,    Strand, 

London,  W.C. 

Chief  WorKs:    LIEGE. 

Branches : 
GLASGOW.   MIDDLESBROUGH. 
AUCKLAND.   N.Z.,   PARIS,   MOSCOW. 

Makers  of  the  ^vell= 
Known    "  I»IEI»E:I5  " 

Dynamos  and  Motors. 

Contracts  executed  or 
in  hand  for  the  munici= 
palities  of  Hull,  Dundee, 
Shipley,  Colne,  Erith, 
Oban,  Glasgow,  FalKirk, 
etc.,  besides  very  many 
private  firms. 

All  Bolts,  Nuts,  Screw^s, 
etc.,  to  Standard  Whit= 
worth  Gauge. 


Telei^riims  : 
"CLUNCH.  LONDON" 

Teleplione   No.: 
3Tn  CERRARD,  LONDON. 


Electrical  Plant  supplied 
to  very  many  Iron  and  Steel 
and  large.  Engrnccring 
works  in  U.K.,  Russia,  and 
Belgium • 


SEND   FOR  PRICE   LISTS. 
The  Most  Complete  In 
the  Trade. 


Three-phase  AlterniiUjrs  for  Transmission  of  Po%ver  in  Manufacti.i-ini;  WorUs. 


30 


f^^^mmm]{   Electrlcal  Apparatus 


AllgemeineElektrJcitats-Gesellschaft 


BERLIN 


Capital  fully  paid  up:  60  000  000  Marks. 

Machine-,  Apparatus-,  Cable- 
ancl  Incandescent  Lannp-Works 


A.  E.  O.-Threephase-Electronintor  for  Looui-Diivm 

Continuous  Current  ^  Threephase  Current 

Electric  Lighting  Plants.     Electric  Trausniissioii  of  Power. 

Electric  Railways  and  Tramways.  Electric  Central  Stations. 

Electro-chemical  Plants. 

Agencies  throughout  the  World 

Yearly   Output    12  0UU  Dynamos  and  .Motors   equal   to   1 70  000  000  Watts 
10  000  000  Incandescent  Lamps. 

\i  .111 


Awarded  at  the  Paris  Exhibition  1900:  6  Grands  Prix. 


:) 


inlA@MDC31I^  Electrical  Apparatus 


The    DE    LAVAL    PATENT. 


Xo.    6406,  Foui-poIc 

Standard  Enclosed  Motor 

No.  5  size. 


Steani 

Turbines, 

Turbine 

Dynamos, 

Turbine 

Pumps  & 

Fans. 


GREENWOOD   &  BATLEY,   Ltd., 


Machines  in  Use 

2,402. 

HP.    71.786. 

Made  from 

15  H.P.  to 

300  H.P. 


Dynamos 

and 

IV|otors. 

Light 

Power 


and 


ALBION    WORKS. 
LEEDS. 


E 


G^^ll     l^C"0     JPr     ^'r%  V    rl         Curbine  manufacturers, 

■     UlL^fVEtO     CC     V^Oaj     LriQiy    l)vdraulic  engineers, 


KENDAL,  Eng.    ^ 


ILLUSTRATED 
PAMPHLET 

on  .ti'plii-.itlull. 


TURBINES  4 


Of  all  descriptions,  and     ^Ji,^\ 
suitable  for  all  kinds  of  tw?"^ 

work,    such        __-=^f^r^^^^p^ 
as       diiving  ^^  "-^ 

Dynamos, .  . 
Pumps,  Mills, 
Fans,  Com- 
pressors, &C.6 


Vortex  Turbine,  with  Hydraulic  Governor,  Balmor.iI  Castle  Installation,  a>.  suppUcd  lu  Her  laic  Majesty  Queen  Victoria. 
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Iron  and  Steel 


CdNSETT  IRON    COMPANY  L 


WORKS   ANoOFFICCS    -  CONSETT  c  Durham 


Steel    Plates  &  Angles 

(Siemens    Acid    Process  . 

Tees,  Bulbs.  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

.  •     ROUND,    SQUARE    AND    FLAT    BARS. 

STEEL    CHEQUER    PLATES 


BESSEMER     PIG     IRON. 

Oval  and  Diamond  Patterns 

Tons. 

1  1 

-.    . 

week:il.y   oxjtp»ut  : 

2,500 
1,500 

m^^m^          Steel    Plates 
l^^^                „       Angles 

COAL  OWNERS  and  Makers  of 

•^     •#      FirebricKs,  CoKe,  «Sc.,  for  Blast  Furnaces  and  Foundries. 


Material    of  the    HIGHEST    QUALITY    mamifactured,    such    as    is    used    by    the    British    and    Foreign    Governments    for 

Shipbuilding   and    Engineering   purposes. 


OFr.cEscoNSETT'>"'^^'^^A'^°NEWCASTLE  "^T  YNE 


Iron  and  Steel 


For  the  -wcrld's  trade 
ive  lia^'e  made  a  sludy 
;:'  effioienoy,  design  and 
worth,  in  simple  drci:- 
forged  tools.  Catalcgtie 
Nc.  3  will  help  you  to 
■understand ;  or  a  sample 


n. 


Perfection  appeals  to 
all  mankind,  anl  we 
shall  hope  that  the 
result  of  cur  lafcc-ar  v/ill 
endure  forever;  it  niay 
induce  another  to  do 
as     well,    and    in    the 


Brown  Bayley  s  Steel  Works, 


Telegraphic  Addresses 


1   "BAYLEY,  SHEFFIELD." 
(  "BALI,  LONDON." 


5HErPIELD. 


Manufacturers  of  Steel  by  the  "SIEMEN'S"  and  "BESSEMER"  Processes 


MAKI£RS  OF     .     . 

Tyres,  Axles,  and  Springs  for 
Railway  Locomotives,  Railway 
Carriages  and  Wagons,  and  for 
Tramway  l-"ngines  and  Cars. 


Special  Guaranteed  Spring  Steel  for 
Railway  Locomotive  Springs,  Railway 
Carriage  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 


Pl.mislied  Steel  Bars  for  Shaftiii.a  for  Engineers, 
and  .Agricultural  Implement  Makers. 


STEEL  FORCINGS. 

SPECIAL    STEEL    BLOOMS    AND    SLABS. 


London  Office:  Suffolk  House,  Lawrence  Pountney  HilKE.c 


1 
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Iron  and  Steel 


"Vir- 


CHUBB'S  ENGINEERS' SAFE 


FOR    PRESERVING    DRAWINGS,    Etc. 


Chubb  &  Son's 
Lock  and  Safe 
Company, 


ILLUSTRATED    PRICE    LISTS    ON    APPLICATION 


LIMITED. 

HEAD     OFFICE: 

128,  Queen  Victoria  Street, 
London,  E.C. 

WORKS: 

London  and  Wolverhampton.  .  . 


DROP-FORCED  WROUGHT  STEEL  SPANNERS. 

V^     V       Til  Milt   3-16lh5  to  3-in,    Nuts, 


/ 


AIL  SIZES  SUPPLIED  FROM  STOCK. 


ijllll?'''""''') 


(r>nv 

_tato- 


Armstrong,  Stevens  S  Son, 

WHII  lAI.L   SIRHin, 

Birmingham. 


SOLID    .J= — T   OVNAMO 

DROP    ^Fg       EVE 

FORCED.  ^=.    BOLTS, 


T 

a:  i 


Price  l.ists  on  application. 


r\  O 


C   2 


®Mm\ 


■?ii^ 


Iron  and  Steel 


WALTER    SCOTT,    Ltd., 


Ouesectiuii  uf  the  ^Iwi  work     Kuruciu  I'jlt.  India.     Tho  cxtciibiuii  ul  the  I'ier,  fur  which  \vp  ^iijiiOio.!  the  \\  hoK-  of 
the  iron  and  steel  work,  was  ■J.UJh  feet  iu  length,  the  weight  of  the  material  ajipruxunatoly   bemg  -JAlUO  tout. 


LEEDS      STEEL  Xelejirams: 

"  Bessemer^ 
WORKS     .       .       .  Leeds." 


LEEDS,  ENGLAND. 

Manufacturers  of    .    . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steel  Blooms,  Billets, 
Slabs,  Tinbars.  Rounds, 
and  Flats. 

spcciaiiiv:Tramrails. 


Books  of  Si'itions  and  olhcv  information 
on  amplication. 


ALL 

KINDS 

OF 


GEARING 


^       Machine-Cut 


Upon    20th    Century 
lines. 

No     guess    ^vorK     or 
rule  of  thumb. 

Utmost    Possible    Accuracy 

Obi.iinable  by   Modern  Fine 

Tools,      at     a      reasonable 

price,  too. 

Quick    Delivery. 

You    can     prove     this    for 

yourself  if  you  wish  by 

writing. 


E.    ARNOLD    POCHIN, 

Croff   Street,    Pendleton, 

MANCHESTER. 


HENRY     CROWTHER, 

JS     M     Clcckhcaton,  YORKS. 

Telegrams:  •'  Crowiher,  CUckheatcn."      ABC  Code  used. 


. .  Wrought . . 


HEMBT   0ROWTHER_ 


56-page  Catalogue,  beautifully  illus= 
trated.  post  free  on  application. 

£j      £}      £j      t:} 


PRICES  LOW. 


Send  for  List  and 
Discounts  free. 


QUALITY  HIGH. 
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Iron  and  Steel 


^1   G.G.TURRI&CO. 

ffvf'tcuctiliitivi-s  of  Aiin-rican 

Electrical.  Mining, 
Asriculliiral. 
Pastoral  and  General 
Machinery  and  Supplies. and 
Newly  patented     Hardware 
Tools.     Patent  and 
Trade  Mark  Agents. 

\11     Clii.-iits     IniLTL-sts     cart-tully 
^uurded  against  lulriiigenient. 
Cuble  -Vddres-'i:  Tirri.  MKLBocrnk. 

Codes:     WESTERN     fXION     i  rNlVKRSAI.', 
A  li  C.  Al,  LiKHKK. 


Sold  on  Commissioa, 
IiK)i)iricsinvitedas  tninlrodiKini;  Nc\' 
<;(inds  to  the  Auslrali.in  Market. 

1;ankkks  :  BANK  OK  N'KW  SOUTH 
WALES.  MHl.BOUliXE. 


Hullo!  Arc  You  There? 


a       a       a 


Do  you  use  Naylor's 
Emery  Cloth  ?  .  .  . 

What  ?  Rather !  Champion 
Stuff,  isn't  it  May  we  send 
you  Sample  Sheets?  Thanks, 
what  address  ? 


J.   G.   NAYLOR   6  CO.,  Ltd., 


Emery  Mills. 

MANCHESTER. 


HerbertWerumL™ 

fipoDCAtE  S'  v/oi{K5 
BiRmiNCHAM. 

TELEGRAPHIC   ADDRESS 

■floodgate'  BIRMINGHAM. 

TELEPHONE     N?  373. 

STOCK     250.000.    GROSS 


s5      M^^^  55 


M>%i   ii 
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Iron  and  Steel 


More  durable  than  iron.  Cheapest  for  all  spans  up  to  100  Feet. 


D.   ANDERSON    6   SON,   Ltd., 


LAGAN     FELT    WORKS.    BELFAST,    and 
FINSBURY     PAVEMENT     HOUSE.     LONDON.     E.G. 


=  Portable  Building  Co.,  Ltd. 

FLEETWOOD. 


Finsbury  Pavement  House, 

LONDON 


Manchester    Chambers, 

MANCHESTER. 


Portable, 
Artistic,  and 
Comfortable 


Buildings 

for  Home 

and 

Export.     Military  Quarters    Reaidence.,  Dwellings. 

SPECIAL   DESIGNS    FOR  ALL    CLIMATES. 

Buildings  Packed  fij*  Marked  in  Sections 
for  Easy  Transport  &  Erection. 

DELIVERED     F.OB.    UVEHPOOL,    LONDON,    or    SOUTHAMPTON. 
Estimates,   Designs   6   Catalogues    Free. 


South  African  Address: 

P.O.     BOX     175    JOHANNESBURG. 


iron  and  Steel 


Farnley  Iron. 

This  ••  I'x'sl  Yorkshire,"  iron,  so  well  known  lor  the 
last  tiflx- years  as  specialU  luip^h  and  ductile,  is  iiKuk;  trom 
Cokkblasl  I'it;  Iron,  renieUed  anil  refined  before  i>uddlinL;-. 

Farnlev    liar    Iron    is   iisetl   in    Mining  lor  pit  cages, 

suspending   ,L;ear,  and    other  important  [)arts,    aiul  on    all 

the  leadin;,^     Railways  in    (ircat     IJritain.   India,    and    the 

Colonies,    for   shackles  and    other  vital    parts   sLiljjectetl   to    rejiealed 

shocks.      Farnley   Iron   will    stretch   cold   from    |i  in.  to   2i-in.    in   a 

length  of  6-in.  before  fractun-.  anil   is  safest  for  welding.  s"-^ 


BAR      MILL. 


TCST  PIECE 


TEST  PIECE  STRETCHED 


^ 


Farnley  Iron  costs  double   the   price  of  ordinary  iron,    diat  is  about  2d.  \n:\-  lb.  as 

against  [i/.  per  lb.,  ami  this  value  is  the  measure  of  (|ualil\-  in  the  estimation  of  buyitrs. 
When  a  forging  costs  from  9^'.  to  20c/.  ])er  lb.,  the  e.\tra  !</.  is  not  prohibitive  wln/n  it 
ensures  certainty  in  welding  and  a  forging  o'i  double-  \-.due.  in  short, 
the  Best  Iron  is  the  Cheapest. 

Adaress  :    The    Famley    Iron   Co.,   Ltil..  Leeds,    England. 


0\    ADMIRALTY    LIST. 


Telegrams:    "CRANKS,    LINCOLN. 


FOR    CRANKS 
&   FORCINGS 
OF    EVERY 
DESGRIPTION 
WRITE   TO 


BM 


^ 


eLHRKE'S 
eRANK    & 
FORGE    eO., 
LTD.,   LINCOLN, 
ENGLAND. 


INDEXTO'ADVERTISERS 


Addy,  George,  &  Co 

Allgemeine  Elcktricitats-Oesellschalt 
Anderson,  D.,  &  Son,  Ltd. 
Armstrong,  Stevens  &  Son 

Ashton,  Thomas  A.,  Ltd 

Asqiiith,  \V.  

Atlas  Met.il  and  Alloys  Co.,  Ltd. 
Auto  Macliiiicrv  Co.,  Ltd. 


Babcock  and  Wilco.x,  Ltd. 
Bayliss,  Jones  &  Hayliss... 

Bertrams,  Ltd 

Blake  and  Knowles'  Steam  I'ump  Work 

Bleichert,  Adolf,  &  Co 

Booth,  Joseph  &  Brothers,  Ltd.... 

Bridge,  David,  &  Co 

Britannia  Kngine  and  Tool  Factory 
British  Carburi/ing  Co.,  Ltd.     ... 
British  Steam  Speci.dtie^,  Ltd,  ... 


Ltd 


PAGE 

I'.Vlili 

7 

Brown  Bayley's  Steel  Works,  Ltd 

■•     .34 

.      .ll 

Brown  Hoisting  Machinery  Co.             

■■■     .i7 

■     3S 

Brush  Electrical  Engineering  Co.,  Ltd. 

...     4« 

•     35 

Hnridlinc  Xniseless  Gear  Co.      ...         

...     11 

.     Si 

I'.ulliv.mt  \-  Co.,  Ltd 

...     27 

.      6 

lUirton,  C.  W.,  GriHilhs  \-  Co 

...     16 

•     41 

C.dy.v  (N'ewl  Drill  .md  lioring  Co.,  Ltd. 

...     20 

■     74 

Chuhb  &  Sons  Luck  «:  Sale  Co.,  Ltd 

•  •     35 

Churchill,  Charles,  &  Co.,  Ltd 

5 

.       (ic) 

Clarke's  Crank  &  Forge  Co.,  Ltd 

■■     .39 

.     40 

Clayton,  Son  &  Co.,  Ltd 

...     6S 

1 1 

Cleveland  Bridge  Co. 

...     62 

■     7'i 

Combination  Metallic  Packing  Co  ,  Lid. 

...     ;<> 

2.S 

Crompton  &  Co.,  Ltd 

...       12 

■      f'.i 

Crosier,  Stephens  &  Co 

...     74 

.     »7 

Crowther,  H.          

3'> 

4 

Crypto  Works  Co.,  Ltd.   ... 

...     74 

Si 

Cunliffe  &  Croom,  Ltd 

...       8 

Best 
Bearing  metal 

for 

fiigh-Class 
macbinery. 


ATLAS  METAL 


W.    E.    Watson's    Brand. 


Che  Etlas 

maal  and  Jllloys 

€0.,  Dd., 

52,  Queen  Victoria  Street, 
LONDON,  E.C. 


IMF, 


Simplex  Steel  Conduit  fy^ 

Cw  COSUVIT  i,'^'  ,  I    ■"'.. 

O..     L/TD.,         MASVFACTLRERS.  ^j        >''  | 

Digbeth,  Birmingham 


80, 

20,  BucKlersbury,   London, 

1,  Peel  Street,  Manchester. 


E.C. 


CONTRACTORS     TO 
HM.    GOVERNMENT    d 

Leading    Municipal   d 

E  LECTRICAL   CORPORATIONS. 

Riabcsl  Hu'ard.  Paris.  NOO. 


SIMPLEX 


THE   SIMPLEX 

^j^tflll  (it  Steel 
Conduits  IS  thf  best  (or 
Interior  Wiring  W'cirk. 
It  IS  tlie  most  complete, 
and  comprises  SIX  grades 
of  Conduits,  and  over  500 
fittings.  It  IS  manufac- 
tured with  the  >»reatest 
care,  a  n «.!  only  first 
t-iualiiy  materials  arc 
used. 

Immediate  Deltvery. 

L\K..l.    '  1«H.  !■.-     \l 

Birmingham  &  London 


INQUIRIES 

SOLICITED, 

Telegrams  : 

'Economy,  Birmingham." 


>^ 
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Ventilation 


MATTHEWS  &  YATES,  Ltd., 


Swinton,    MANCHESTER. 


Cyclone  Fans 


and 


Blowers 


Are  not  onK  Ventilating  mo-st  of 
the  Important  Public  Buildings 
throughout  the  Country,  but  ha\e 
been  adopted  b\  the  Principal 
^team  ^hip  Companies  also. 

BELT,  ELECTRIC,  &  STEAM  DRIVEN. 


^ 


WRITE      FOR      CATALOGUE. 


Cyclone   Electric   Fan.        Enclosed   Motor. 


BLACKMAN  ELECTRIC  FANS 


(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 


MOST  CONVENIENT 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  &  BLACKMAN  CO., 

Ltd.. 

Specialists  in  Beating,  Ucniilatlng 

and  fiidh  Pressure  (ias  Cighting, 

27,    Farringdon    Avenue, 

LONDON,     E.C., 

And   BRANCHES. 

Works:  HOLLOWAY.    N. 
Foundries:    ARBROATH. 
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Davidson  &  Co..  I.td 

Davies  &  Sons,  Kicli.iid 

Davis  &  Primrose 

Deightons  Patent  Flue  S:  Tube  Co  ,  I.td. 

Farnley  Iron  Co.,  I.td.    ... 

Kirtli,  William,  Ltd 

Klemini;,  Kirkby  &  Goodall,  Ltd. 
Fowler,  John,  &  Co.  (Leeds),  Ltd. 

Fr.iser  &  Chalmers,  Ltd 

Frictionlcss  Kn,qine  Packing  Co  ,  I.td. 

Gallow.iys,  Ltd 

Gilkcs.  G.,  &  Co.,  Ltd 

Glover,  M.,  &  Co.  ...    .      ... 

Green,  E.,  &  Son,  Ltd 

Greenwood  &  Batley,  Lid. 
Griftin,  Charles,  &  Co.,  Ltd. 
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Hadfield's  Steel  Foundry  Co.,  Ltd. 

Halden,  J.,  &  Co 

Hall,  J.  P.,  S:  Sons,  Ltd 

Hammond  Typewriter  r   . 


Inside  Back  Cover 
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Hindley,  E.  S 

Howard  Bros.  

HugliL-s  iV  Lane  isle:-         

Hughes,  G.  H 

Humbolt  Engineering  Works  Co. 

Hunslet  Engine  Co. 

Hunt  X-  .Mittou       

International  Electrical  Engineering  Co. 
International  Time  Recording  Co. 

Jones  &  Lamson  Machine  Co.   ... 
Judd,  Walter,  Ltd 

Kaye,  Joseph,  &  Sons,  Ltd. 
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Kiessling's  Machine  Co.  ... 

Kirchner  &  Co 

Ivrupp,  Fried. 

Lanca'-tcr  &  Tonge,  Ltd. 


•  /J 

1 
,.  too 
.     86 

•  44 

4 

22 

.   60 
.    80 

•  30 
.    84 

8 

•  99 

.     82 
.     26 

■    42 
18 

•  17 
20 


GRIFFIN'S     STANDARD     PUBLICATIONS. 

IL'-^riil    1.      Ill   t   ..■.vn  svo.     H:iiid— 111.    (.-. I'll      \\  ilh   l.lii-lr.i',..  1.-,     5s. 

THE    PAINTER'S    LABORATORY    GUIDE. 

A    Student's    Handbook    of    Paints,    Colours,    and    Varnishes. 
By   OHOR(iH    H.    HLR^T.    (C.5..  M.S  C.I., 

Lecturer  on  lln-  lcciinolot;v  ut  I':i1iiUts  CiW.mr^,  t_Hi-.  ;irid  Xami'-lus,  the  .Miinicip:il   1  L-chitnai  SdH'ol,  Manchester. 
Abstract  of  Com  km-s  —Preparation  of  Piilinenl  Colours.— Chemical  IMnciples  Involved. — Oils  and  Varnishes.— Properties  of  Oils  and    Varnishes* 
—Tests  ami  Experiments.— Plants.  Methods,  and  .Machinery  of  the  Paint  and  Varnish  Mantif.ictures. 

This  Work  has  b(\-:t  ilcsiiinal  hy  the  Author /or  the  Lalwratjiy  of  thf  Tgchmciil  School,  if  mi  of  the  Faint  and  Cohnir  Works,  and  for  all  inleicsled  or 

en^a-^eu  in  these  industi  ies. 
Third  KiiMIon     Ruvisi-d  ani   Enl:iri.'i-d.      Wilh   Il!ii-.li.ili.in<:      12s.   6d. 

PAINTERS'    COLOURS,    OILS,    AND    VARNISHES: 

A     PRACTICAL     MANUAL. 

By  GEORGE    H.  HURST,  F.C.S.,  M. S.C.I. 

■■.V  THORorr.HLV  PRACTICAL  book.    .     .     .     thLn\l.\   Kiiiili^li   woi  k   tli.it   ^  iti-.f.i.loi  ilv  irL.its  ot   thf   iniimitactlirc  of  oil^,  colours,  ;iml   pii;nicilts." — 
Chanical  Tiattci  JoitriuiL 

Second  Editio.v.  RcvIm  1      Witli  N'limcr.ms  lllii-lrations  and  Phitcs  l-oiiu- in  C'lun^i  in.  Iiulmi;  C)il;;in:il  Designs.     12s.   6d. 

PAINTING    AND    DECORATING: 

A    Complete    Practical    Manual    for    House    Painters    and     Decorators. 
By    WALIHR   JOHN    PEARCh, 

Lecturer  at  the  Manchester  Teclinicai  School  for  House-painting  and  Decoralinj*- 
••A  THORoiGHLV  fSKKUL  BOOK    .    .    .    GOOD,  SOUND.  PK-XcricAL,  CLE.\R,  and  cosc\<.E."—Plitinber  and  Decorator. 

FIXED    OILSr  FATsfBU^^^'^S,    '^  WAXES: 

Their  Preparation    and    Properties,   and   Manufacture  therefrom   of  Candles,  Soaps,  and    Other  Products. 

By   C.    R.    ALUEK    WRIGHr,    D.Sc,    F.R.S. 

1)1  ,  Wi^li.ijl'si  work  will  iHrmnii  vii-.ii  ni-,    imu-iins  \r,i  i   In' (-.LrA- OMiiii-.r' — /V;.-.I;j,r\' 

I    r...    -,1       ll.iiulM.me  Cliith,      With  IHustr.-itii.ii,   T.ihU-,,  .>,.        21s. 

LUBRICATION    AND    LUBRICANTS: 

A  Treatise  on  the  Theory  and  Practice  of  Lubrication  and  on  the  Nature,  Properties,  and  Testing:  of  Lubricants. 

By    LEONARD    aRCHIU   11,    1.1. C,    I  .C.S., 

Clitiinsi  1,1  ;lic  Mitliailil  K.dIw.iv  I.  .mi'.niv 

And    R.    MOUNrFORD   DERLEY,    M.i.M.E.,   F.G.S., 

Miill.ind  N.i;lw.iv  I...Lani"tiVf  \Vi.r^:^■  M.in:i.m:r.  Dtibv, 
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THE   GUN   r.    THE    ARHOUR    PLATE. 


JOHN     LEVLAM). 


The  introduction  of  the  "Johnson  cap"  and  the  recent  experiments  with  the  lit'ttcislc  make  the  question  01  the  relation 

between  the  jiun  and  the  armour  plate  one  of  very  practical  consequence.     Tlie  .Author,  in  the  foUowini^  article,  has 

ijiven  a  contribution  of  undoubted  interest,  and  shows  very  clearly  what  is  the  present  position. 


HE    vital    question  of 
protection    from    at- 
tack is  one  of  extra- 
ordinarj'       interest  ; 
and,  looked  at  from 
a  naval    or   military 
point      of     view,    it 
might  take  us  back 
to  very  distant  times 
in     the     history    of 
humanity.        It      is, 
in  effect,  the   necessary    consequence    of   that 
eternal  antaj^onism  between  the  attack  and  the 
defence  which  is  as  old  as  humanitv  itself.     It 


has  also  great  modern  importance  in  its  special 
relation  to  the  armouring  of  ships  of  war, 
because  upon  the  defence  that  it  is  possible  to 
give  to  them  must  depend  their  design  and  con- 
struction. The  announcement  made  in  May 
that  the  Lords  of  the  Admiralty  had  W'itnessed 
at  Messrs.  Vickers'  range  at  Eskmeals,  near 
Barrow,  trials  against  armour  which  reversed 
previous  experience  and  were  a  total  surprise, 
and  the  experiments  with  the  Bcllcislc,  make  the 
question  of  the  relation  between  the  gun  and 
the  plate  one  of  very  great  gravity  and  practical 
consequence.  The  purpose  here  is  to  show  how 
the  position    stands.      We    were  told  that  the 
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The  Gun  t^.  the  Armour  Plate. 


"  Johnson  cap  "  had  enabled  a  105-lb.  armonr- 
picrcing  shot  of  6-in.  caUbre  to  completely 
peitorate  a  6-in.  Krupp-ceniented  armour  plate, 
being  iired  with  a  striking  velocity  of  1,971  foot- 
seconds  (tig.  5,  roimd  3);  that  the  same  cap  had 
sent  a  6-in.  105-lb.  projectile,  tired  with  a  striking 
velocity  of  2,799  foot-seconds,  through  '^  i-'-iii- 
plate  of  the  same  character  (lig.  i,  round  i  ;  and, 
finally,  that  the  same  cap  had  carried  a  like  shot 
completely  through  the  same  12-in.  plate  with  a 
striking  velocity  of  2,786  foot-seconds  (lig.  2, 
round  4). 

These  astonishing  results,  and  jiarticularly  Uie 
fact  that  a  capped  6-in.  projectile  had  twice 
completely  perforated  a  12-in.  plate  of  the  best 
Krupp  armour,  whereas  an  uncapped  shot,  with 
a  similar  striking  velocity,  had  onl)-  jienetrated 
3  in.,  caused  a  veritable  sensation.  It  was  said 
that  the  Adniiraltv  must  have  been  very  neglect- 
ful to  overlook  the  merits  of  so  important  a 
device  as  the  "  Johnson  cap,"  which  could  be 
fitted  on  board  ship,  and  would  give  a  g.iin  in 
armour-piercing  power  of  30  per  cent.  Un- 
doubtedh"  the  cap  had  shown  its  usefulness 
for  direct  tire,  and  might  he  depended  upon  to 
give  results  analogous  to  those  attained  at 
Barrow  in  the  case  of  projectiles  striking  within 
about  20  deg.  of  the  normal.  Beyond  that 
angle  the  cap  is,  perhaps,  of  less  value,  but  it 
must  be  remembered  that  a  very  large  pr(_>por- 
tion  of  shots  may  be  expected  to  strike  at  a 
near  approach  to  a  right  angle  with  the  face  of 
the  armour.  It  might  be  unfair,  however,  to 
censure  the  Admiralty  for  neglect  in  this  matter. 
Whatever  has  been  the  case  in  the  past,  there 
can  be  little  doubt  that  the  present  Board, 
which  has  now,  with  few  changes,  ruled  aftairs 
for  several  years,  is  very  alert,  and  that  it 
regards  all  new  inventions  and  discoveries  with 
an  open  mind.  It  was  too  readily  assumed  that 
the  trials  at  Barrow  were  a  revelation.  .As  a 
matter  of  fact,  those  who  were  acquainted  with 
the  history  of  the  struggle  between  the  gun  and 
the  plate  were  not  surprised  to  hnd  such  results 
recorded.  For  the  capped  armour-piercing  shot 
— Ihepmialile  coijfe — was  no  new  thing,  and  trials 
had  been  made  with  it  during  the  previous  eight 
years  which  must  have  placed  in  the  hands  of 
the  Admiralty  Board  a  good  deal  of  information 
upon  the  subject.  Until  more  is  known  it  would 
not,  therefore,  be  right  to  blame  the  Admiralty 
for  having  neglected  a  great  opportunity. 


The  use  of  the  cap  is,  in  fact,  only  one  p.ut 
of  the  great  prolilein  arising  out  of  the  contest 
between  the  gun  and  the  armour.  Much 
damage  may  be  ckme,  and  great  demoralis.ation 
be  caused  on  board  a  ship  in  action,  by  showers 
of  weak  common  shell,  but,  in  all  modern  ships, 
the  protection  of  men  is  now  carried  to  a  high 
degree,  and  the  linal  resort  must  be  to  tb.e  use 
of  the  armour-piercing  projectile.  The  tirst 
Bcllcisk  trials  threw  a  great  deal  of  light  upon 
the  disposition  of  men  in  our  existing  ships,  and 
there  can  be  little  doubt  that  the  ]iractical  ex- 
perience ,L;ainetl  would  enable  many  lives  to  be 
saved  in  any  future  tleet  action.  But,  after  ;ill, 
if  a  ship  is  to  be  effectually  dealt  with,  it  must 
be  by  means  of  penetrating  the  annour,  and 
it  seemed  to  be  a  teaching  of  the  first  Bellchle 
trials  that  the  secondary  armaments  of  the  battle- 
ships of  the  Majcslii  and  Cauopus  classes  are 
for  this  purpose  comparatively  ineffective. 
Wherever  ships  are  built  exhaustive  trials  are 
now  being  conducted,  all  tending  to  improvemeiU 
both  in  guns  and  armour. 

Steel  armour  plates  originally  ami  for  a  l^ng 
time  j-iroved  very  brittle,  and  gave  small  jno- 
mise  of  success  ;  but  a  t]uarlerof  a  century  ago 
steel  ill  one  form  or  another  liegaii  to  be 
adopted.  In  England  great  efforts  were  made 
to  secure  toughness,  and  the  Sheftield  firms  of 
Caininell  and  Bruwii  introduced  what  were 
termed  compound  or  hard-faced  [ilates,  con- 
sisting of  a  liard  steel  face  ujion  a  soft  wrought- 
iron  back  or  foundation.  Knipj-i  began  to  make 
such  plates  at  Eistn  (  n  Wilson's  system  in 
il^(ji.  Compound  armour  held  the  tield  from 
1880  to  about  1892,  but  the  advantage  over  the 
improved  steel  was  not  conspicuous.  A  further 
improvement  was  t!ue  to  the  use  of  nickel  ;is 
an  ingredient  111  the  steel,  introduced  by 
Schneider  in  i8(jo,  and  adopted  for  the  British 
Xavy  in  i8g6.  When  compound  armour  was 
introduced,  armour-piercing  shot  of  cast-iron, 
chilled  by  tiie  I'.illiser  or  some  other  similar 
process,  were  employed,  and  the  plates  were  so 
successtul  that  the  heads  of  the  Palliser  pro- 
jectiles were  ciushed,  unless  extraordinary 
striking  energy  was  developed  as  compared 
with  the  resistance  of  the  plate. 

Thusthesuperiorityrested  temporarily  with  the 
plate;  but,  about  the  year  i8g6,  when  chrome-steel 
projectiles  came  in,  hardened  at  the  head  by 
water  or  oil,  the  case  was  changed.  The  extreme 
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hardness,  combined  with  toughness,  wiiich 
characterised  the  new  shot,  was  so  great  that 
the  piercing  power  was  increased  fully  20  per 
cent.,  and  it  generally  happened  that  perforation 
was  effected  without  any  damage  to  the  shot. 
Extraordinary  efforts  were  consequently  made 
in  every  direction  to  defeat  the  new  projectile, 
and  once  more  a  swing  of  the  pendulum 
occurred.  Cemented  plates  were  brought  in, 
possessing  the  two  qualities  of  hardness  and 
toughness.  Captain  Tresidder  discovered  that 
bv  the  application  of  a  water  jet  to  the  hot 
metal  a  degree  of  hardness  was  produced  which, 
in  ordinary  plunging,  was  prevented  by  tlie 
formation  of  steam,  and  Harvey,  in  America, 
perfected  a  process  of  carbonisation  by  contact 
with  carbon  at  high  temperature  for  several 
davs,  the  face  being  hnally  water-hardened.  A 
loA-in.  Harvey  plate  at  Indian  Head  was  success- 
ful against  an  8-in.  Carpenter  steel  shot  of 
250  lbs.,  with  a  velocity  of  1,700  foot-seconds, 
and  a  perforating  power  of  14-8  in.  of  wrought 
iron.  This  plate,  therefore,  was  much  superior 
to  the  steel  and  compound  plates  then  being 
supplied  to  the  Roynl  Sorfn'i,i,ni  and  other  ships, 
and,  at  the  same  time,  Schneider  was  making 
plates  which  approached  the  Harvey  system  in 
quality.  The  advantage  gained  was  enormous, 
and  on  steel  faces,  hardened  by  the  Harvey  and 
Schneider  processes,  excellent  projectiles  broke 
up,  and  sometimes  became  disintegrated. 

The  Harvev  process  has  been  employed  in 
the  armour  of  a  great  many  ships  of  war,  but 
not  long  after  it  had  been  introduced  Krupp 
came  forward  with  the  process  which  has  now 
superseded  it,  and  which,  if  we  except  the 
action  of  capped  projectiles,  has  withstood  the 
attack  of  armour-piercers.  Krupp's  plates,  with 
which  he  began  to  experiment  in  1893,  are 
described  by  him  as  "  one-side-hardened  nickel 
steel  plates "  (Kiiiscitig  geluirUif  A'/V/ct/s/*;/;/- 
platlen),  and  are  known  in  this  country  and 
in  .America  as  "  Kmppised"  or   Krupp  plates. 


Their  extreme  hardness  is  carried  by  a  special 
process  to  a  certain  depth,  while  the  back  of  the 
]-ilate  is  very  tough   rnd   endiuing.     When,  in 
iS(/),  a   trial  of    the    new   Krupp   method  was 
arranged,  preliminary  to  the  sale  of  the  rights 
to  the  English   hrms  of   Brown,  Cammell,  and 
X'ickers,  and  the  French  companies  of  Schneider, 
Chatillon,  and  Saint-Chamond,  plates  of  various 
thicknesses  were  tested.    Tlie  projectiles  were 
ol  French  manufacture,  and  English  and  French 
engineers  were  present.     The  result  was  per- 
fectiv   satisfactory   as    showing    the   advantage 
gained  by  the  process,  and   proved  that  enor- 
mous progress  had  been  made.     The  considera- 
tion   for    the    use  of  the  patent  was  a  certain 
royalty    per   ton    for    all    plates    manufactured. 
The  process  is  most  successful  with   plates  up 
to  6  in.  thickness,  the  effect  for  thicker  plates 
being  not  so  well  ascertained.     Every  country 
recognised   the  advantage  of  the  new  method, 
and,   by   agreement,   the    Russian  Government 
works  were  enabled  to   make  the  new  plates. 
The    Carnegie  and  Bethlehem   Cimipanies  ob- 
tained the  rights  in   the   United   States,  and  in 
.\ustria  the  Witkowit/  firm.    The  Terni  Works, 
in  Italy,  also  make  a  special  steel  which  seems 
to    be    the    same    or    closely   analogous.      The 
resistance    of    Krupp    plates,    with    their   !iard 
surface,  breaks  up  the   point  and   head  of  the 
ogival-headed    projectile,    and     their    extreme 
toughness  offers  great  resistance  to  punching 
and  cracking.     Results  have  also  been  attained 
which   justify  the  belief  that  a   Krupp  plate  is 
equal  to  a  compound  jilate  of   double  its  thick- 
ness.    It    is   not    necessary  to    point   out   how 
great    was    the    effect    of    this  new  system   of 
iiardening  steel  upon  the  protection  of  ships. 
It  has  enabled  tliinner  armour  to  be  used,  and 
the  area  covered  to  be  more  extensive  ;  and  it 
may  be  said   that  at  the  present  time  a   i-'-in. 
gun  of  50  tons  fairly  matches  a  u-in.  plate. 

The  plate  has  thus  remained  victorious  over 
the  projectile,  and  tlie  eminent  authority  who 


were  oblninc:!  .it  Me-^^i s.  Vickcrs.  Si>ns  and  Maxims  range  at 
rtoratc-ci  and  pr<')eclile  hrokcii 


The  following   results,  illustrating  the  advantage  of  the  "Johnson  cap, 
Eskme.ilsag.iinst  ,1  12  in.  Vickcrs  K.C.  plate  (i.oooyds.)  i  ,  i,.  n 

(Fig.  I.)  Kirst  round.— 6-in.  Johnson  armour-piereing  capped  shot,  weighnig  105  lbs     i  late  w.is  compitiecj   pi  Kv..;„t    ,,f  ,nii,rv   hv 

up.  Penetration  n>easure<l  iS  in.  to  base  01  shot,  but  alter  ren.ovine  its  (ragnienls  the  penetni  .on  .neasure.  23}  n.  Kx  u  t  '  ";^"',^  >>> 
scaling.  18-5  in.  H  x  205  in.  V.  No  cr.acKS.  Diameter  of  hole  (.  m.  This  sli..t  struck  exactly  n.  front  of  a  horuoltt.d  H  g.rdcr  and  bull,ul  U 
b.ick  it  in.,  otherwise  it  would  have  gone  com 

Second  round. — t-in.  Johnson  armour 

33  in.:  but  point  of  shot  remamed  fused  in  ,  ...  .       - 

hole  ^  8  in.     There  was  no  tr.ice  of  bulge  at  back,  or  displacement  of  b.ackmg, 

5,3,3  '*]J-'°";^  .      j„,,„^„„  ..,rn,our-piercing  capped  shell,  weighing  203  lbs.     Proiectile  broken  up,  but  all  the  point  P;;'-"™; !nf'"f '« 

2  in.  of  core,  remained  in  pl.Ue.  It  was  not,  however,  fused  in  as  in  Round  2,  lor  a  feeler  coul.l  be  mserteJ  m  many  ,P  ^'"-  ™"  ^  t'>e  p  r.ph^^^^^^  up 
to  7  in,  from  face  of  plate!  Penetration  to  front  end  ol  core  was  5  in.,  if,  therefore,  the  pouU  preserved  .ts  pro'le, '!'' '  '^'j PV-^f'""'".;  "'^  ^^ 
y»  in.  Base  portion  set  up  and  part  flowed  m  molten  state  into  the  front  of  core,  moulamg  dseli  to  Us  contou. .  Kxtent  of  mjurv ,  23  3  in.  H  x 
21-5  in.  V.     Striking  velocit>'.  2,444  foot-seconds  ;  striking  energy.  8,4^2  foot-tons. 


Diameter  of  hole  (.  in.    This  sli..t  struck  exactly  in  front  of  a  horizontal   H  girder  aiKi  Du.geu  11 
ompletely  through.    Striking  velocity,  2,7'W  <"o"t-seconds:  stiik.ng  energy.  s./O.S  loot-tons, 
r.piircing  shot,  without  cap?weighing  .00  lbs.      Projectile  completely  broken  up.     P^"-;  "<'°"  "^.o 
plate.    Extent  of  injurv  bv  scaling  iSJ  in.  H  x  10  .11,  V.     No  cracks.     Diameter  of  po,  10    of  shol  1 « 
Ige  at  back,  or  displacement  of  backing.     Striking  velocity,  2,820  foot-seconds  ;    sinking  energy, 
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writes  upon  armour  in  the  "  Xaval  Annual "  has 
said  tliat,  in  tlie  case  of  all  new  ships  with  6-in. 
Krupp  armour,  equal  to  from   15  in.  to  18  in.  of 
wrought    iron,  an.l    impenetrable   to    our   best 
6-in.  gun  at  quite  short  ranges,  such  as   1,500 
yards,  it  is  evident  that  more  powerful  guns  are 
required,   having  a    penetration    of  from   18  to 
20  in.  of  wrought  iron  at   2,000  yards.     "  livL-n 
if   3,000  foot-seconds  muzzle  velocity  could  be 
attained  with   a  service  charge   from  the  ')-in. 
gun,  as  has  been  promised  by  some  sanguine 
prophets,  this   would    not   suHice,    and  a  more 
powerful  gun  is  an  absolute  necessity."      Inci- 
dentally something  may  be  said  here  concerning 
some  of  the  guns  which  now,  in  splendid  pro- 
tective mountings,  are  being  placed  in  our  own 
and  foreign  ships.     The  new  \'ickers  6-in.  gun, 
with    which    a    metal    cartridge    is    not    used, 
possesses  a  perforation  of  wrought  iron  at  the 
muzzle   of  21  in.,  and  in  the  7'5-in.  gun  which 
is    being  placed   in   the   new  ships,   the   figure 
is  increased  to  27-4  in.     At  the  Eskmeals  trials 
the  firing  with  the  latter  gun  represented  the 
rate  of   eight   aimed   rounds    a    minute.      The 
penetration  at  the  muzzle  of  the   IClswick  6-in. 
gun  is  given  as  21-3  in.,   2Ti-2  in.,  and  25-15  in. 
in    the    case    of     the   40,   45,   and    50-calibre 
pieces,  while  for  the  same  proportionate  length 
of  gun,  in  the  case  of  the  7'5-ni.,  the  figures  are 
2675,  29-10,  and  3I'65  in.     It  is  obvious,  how- 
ever, that  at  ranges  such  as  have  been  indicated, 
the  6-in.  gun   could  not  suffice,  and  hence  the 
improvements   in   that  weapon  and  the   intro- 
duction of  guns  of  larger  calibre.     The  pene- 
tration  has  increased  more   than  50  per  cent, 
during  the    last  few  years,  but    the    protection 
has  gone  up  quite  100  per  cent.     In  the  case  of 
heavy  guns  the  advance  has  also  been  enormous. 
The   i3-5-in.   guns   of   the  Royal  Sovereign    are 
inferior  in  perforating  power  to  the  12-in.  guns 
of  the  Majestic,  and  still  more  to  those  of  the 
Imphicablc  and   the   French  Siijlicn,  but   these 
again  are  outclassed  by   the   like   guns  of   the 
Russian   Tsiirci'ilcli  and  the  American  Georgia. 
The   Armstrong    12-in.   guns    in    the    Elswick 
tables  are  given  a  penetration  of  wrought  iron 
at  the  muzzle  of  426  in.  (40-calibre),  467  in. 


(45-calibre),    and    50-9    (50-calibre),    thus    illus- 
trating the  prodigious  advances  made. 

Returning  now  to  the  armour  pl.ites  attacked 
by  mnilcrn  guns,  it  deserves  to  be  mentioned  that 
Krupp  nnn-cemented  plates  made  by  Messrs. 
Caniinell  have  behaved  very  well.  A  4-in.  plate 
defeated  a  4-7-iu.  shot  with  a  velocity  of  1,813 
foot-seconds  and  a  penetrating  j-iower  of  9  in. 
Sir  \V.  G.  Armstrong,  Whit  worth  and  Co.  also 
IM-esented  at  Whale  Island,  in  .A.pril,  1901,  three 
4-in.  non-cemented  plates,  which  were  tested  with 
45-lb.  armour-piercing  projectiles  with  a  striking 
velocity  of  about  1,635  foot-seconds,  from  a 
4-7-in.  gun.  Three  shots  were  fired  at  each 
plate,  and  the  maximum  penetration  was  just 
over  I  in.,  without  bulge  or  cracks,  while  the 
projectiles  were  shattered  by  the  impact. 

In  these  remarks,  however,  as  to  the  contest 
between  the  gun  and  the  jilate,  giving  the  victory 
to  the  latter,  there  has  been  no  regard  to  the 
capped  projectile,  and  the  success  which  was 
referred  to  at  the  beginning  may  suggest  that 
perhaps  the  c.ip  will  again  bring  about  a  swing 
of  the  pendulum,  by  adding  new  power  to  the 
projectile,  unless,  indeed,  some  "de-cappmg" 
device,  such  as  has  been  proposed,  should  be 
introduced.  The  value  of  cemented  plates  is 
found  in  the  action  of  their  surfaces,  since  these, 
by  their  extreme  hardness,  determine  the  frac- 
ture of  the  attacking  projectile  before  it  can 
reach  the  softer  nrdinary  steel.  It  is  a  tact, 
however,  that,  if  tlie  projectile  can  make  a  hole 
through  the  hardened  part  suflicienlly  deep,  it 
rarely  breaks  up,  and  has  a  good  chance  of 
passing  through.  A  trial  took  place  at  Shne- 
burvness  towards  the  end  of  1891,  in  which  a 
plate  resisted  the  attack  of  a  projectile,  but,  when 
a  thin  coating  oi  iron  had  been  placed  in  trout 
of  the  plate,  the  same  projectile  passed  com- 
pletely through.  The  fact  wasconsidered  curious, 
and  theoretically  might  perhaps  be  difiicult  to 
expLini,  but  it  was  soon  suggested  to  many 
minds  that,  if  the  soft  metal  plate  enabled  the 
projectile  to  penetrate  the  steel,  a  cap  of  the 
same  material  might  with  advantage  be  added 
to  the  projectile  itself. 

It  may  be  concluded  that  the  breaking   up  of 


(Fii;  2.)  Fourth  r(iuml.--'Hni.  Vicktis  .irniour-rii-rcin);  shot,  litled  with  "Johnson  cap,  '  wuiijhini;  105  5  Ihs.  Shot  completely  pcrfor.ited  pl.itc, 
but  did  not  Cct  through  the  wood  hackniy  i>r  skin-pl.ite.  '1  he  shot  leinamtd  in  liole  in  l^ackiui;.  the  rear  01  base  being  y  111.  from  surlace  ol  pl.ile  ; 
a  feeler  could  be  inserted  alonj;  the  outside  of  shot  tu  a  <listance  01  16  in.  irom  surface  of  plate.  Tlie  wood  backing  was  split  and  drivui  out- 
w.-irds  .-ind  the  skin-pl.lle  w.ls  bul;;cd  out  ovir  an  inch,  till  it  came  in  contact  with  the  larj;e  iron  plate  washer  apiinsl  which  the  large  niit  on  tnc 
bolt  was  screwed.    The  extent  01  'injury  bv  sc.hn;;  was  20  in.  H  x  22i  in.  V.    Sti  ikinj'  velocity.  2.7S(i  loot-secmas  ;  strikmg  energy.  5.070  loot-K.ns. 


G 

^ 

?: 

a 

y. 

n 

I 

u 

^ 

H 

n 

o 

K 

I 

„ 

H 

X 

K 

;  J 

r- 

^ 

O 

H         f. 


o 

0. 

-al 

-^ 

O 

?' 

Z 

O 

^  o 


o      :: 


a 

< 

a 


5 


The   Gun  V.  the  Armour  Plate. 


379 


the  ordinary  shot  upon  impact  wiiii  a  cemented 
plate  results  instantaneously  with  the  shock, 
while  the  pressure  of  the  cap  has  for  its  effect 
to  give  an  appreciable  degree  of  duration  to  the 
attack,  thus  permitting  the  ogival  head  of  the 
projectile  to  reach  a  zone  of  softer  metal,  and 
to  check  in  the  projectile  itself  those  vibrations 
which  lead  to  fracture.  In  short,  the  soft  cap 
protects  the  hard  point  of  the  shell,  and  hoUls 
it  in  position  while  its  work  is  in  progress. 
Admiral  Makaroff,  the  eminent  Russian  officer, 
undertook  in  i!S94  a  series  of  trials  with 
armour  plates  and  special  projectiles,  which  were 
described  at  the  time  as  being  manufactured  by 
a  secret  process,  and  were  called  "  magnetic." 
It  was  soon  divined,  however,  that  the  word 
"  magnetic  "  was  intended  to  conceal  their  true 
character,  and  that  they  were  in  fact  capped 
shot.  The  concealment  of  the  projectile  from 
view  suggested  the  application  of  some  visible 
device,  and  screens  were  employed  which 
might  catch  anything  detached  from  the  shot, 
w-hile  it  w-as  stated  that  the  process  was  applied 
to  Holtzer  projectiles,  a  circumstance  which 
seemed  to  point  to  a  mechanical  rather  than  a 
metallurgical  process.  The  trials  took  place  at 
Ochta,  on  June  28th,  1894,  when  two  Harvey- 
Tresidder  plates,  8  ft.  square  and  6  in.  thick, 
were  furnished  severally  by  Brown  and 
Cammell,  and  one  of  the  same  dimensions  10  in. 
thick  by  Brown.  These  were  attacked  by  6-in. 
projectiles  from  an  Obukhoff  45-calibre  gun, 
the  striking  velocity  for  the  6-iu.  plates  being 
about  1,850  foot-seconds,  and  forthe  lo-in.  plate 
2,400  foot-seconds.  Owing  to  the  curve 
of  the  plate,  the  angle  of  impact  was 
from  8  deg.  to  10  deg.  from  the  normal. 
The  projectiles  were  made  at  the  I^utiloff 
works,  and,  while  those  of  the  ordinary 
class  broke  up,  the  "  secret-process  "  or 
"  magnetic  "  shot  perforated  the  plates  direct, 
in  one  case  striking  at  about  25  deg.  from 
the  normal,  though  oblique  impact  failed  against 
the  Cammell  plate.  With  the  Brovi'n  6-in. 
plate  these  capped  shot  went  through  in  every 
case,  though  one  was  broken  up,  while  the 
ordinary  projectiles  were  fractured,  but  one  of 


them  caused  live  or  si.\  cracks.  In  the  case  of 
Cammell's  6-in.  plate,  two  of  the  capped  shot 
were  pulverised,  but  these  struck  at  25  deg.  from 
llie  normal.  .\t  20  deg.  one  of  the  capped  shot 
broke  up,  but  penetrated  to  a  depth  of  2T,  in., 
and  one  which  hit  at  15  deg.  went  through  and 
broke  the  plate.  Another,  within  10  deg.  of  the 
normal,  completely  perforated.  In  the  attack 
upon  Brown's  lo-in.  plate,  two  capped  shots 
went  through  at  8  deg.  from  the  normal.  The 
cap  did  not,  in  every  instance,  save  the  shot 
from  fracture,  but  the  penetration  was  greatly 
increased  even  when  it  broke,  and  it  enabled  the 
shot  to  perforate  treated  plates  in  conditions  in 
which  uncapped  shot  were  totally  defeated. 
Trials  have  shown  that  it  is  difhcult  to  depend 
upon  the  effect  of  capped  projectiles  when  the 
impact  is  at  a  considerable  angle,  and  if  oblique 
lire  should  play  a  large  part,  it  m.ay  be  surmised 
that  the  application  of  the  cap  might  often  be 
ineffective. 

Projectiles  of  this  class  were  advocated  by  Mr. 
Hadiield,  Colonel  Baiiiliridge,  and  others,  audit 
was  stated  on  good  authority  that  comparative 
tests  with  Wheeler  and  Krupp  projectiles  were 
made  in  Germany,  and  that  the  latter  proved 
themselves  as  good  as  the  former.  Mr.  Isaac 
G.  Johnson,  of  Spuyten  Deeyvil,  U.S.A.,  worked 
out  his  plan  with  considerable  success.  He 
used  a  special  steel,  and  htted  his  cap  to  a  solid 
projectile.  On  April  30th,  1896,  a  capped  6-in. 
loo-lb.  shot  perforated  a  7-in.  reforged 
Harvevized  Carnegie  plate.  Other  successes 
followed,  and  the  trials  were  watched  with  con- 
siderable interest.  In  France,  Holtzer  and 
Saint-Chamond  projectiles  were  tried,  in  which 
the  cap  was  applied  hot  and  shrunk  on  the 
ogival  head,  or  mechanically  attached.  The 
"  Johnson  cap  "  has  been  attached  by  means  of 
a  groove  near  the  point,  while  Messrs.  Hadiield 
employ  a  rib  on  the  shot,  also  near  the  point. 

An  important  trial  of  a  special  Beardmore 
6-in.  plate  at  Messrs.  Vickers'  range  in  October, 
1891,  threw  clear  light  upon  the  value  of  the 
cap,  and  foreshadowed  the  success  of  last  May, 
which  has  been  alluded  to.  The  projectile  was 
an  Elswick  armour-piercer  of   100  lbs.,  and   in 


(Fis  3.)  Filth  round.— f)-in.  St.ind:iicl  Firth  .irmouc -piercing  shot,  without  cnp,  wcii;hui.i;  loolbs.  Shot  completely  broken  up.  Penetr.i- 
tion.  3  in.  Point  of  shot  remained  tiiscd  in  pl.ite.  The  diameter  of  periphery  of  front  of  proiectile  left  in  the  plate  was  8  in.  A  large  piece  of 
shot  rebounded  and  was  found  20  fl.  in  front  ol  plate.     Striking  velocity.  2.827  foot-secoiuls  :  striking  energy,  ,=;.542  foot-tons. 

Note. — These  last  tu-osht)ts  loosened  somewhat  the  portion  of  the  7\«i-in  armour-piercing  shell,  lilted  with  cap,  used  for  the  third  round,  so 
th.at  now  a  feeler  can  be  inserted  outside  the  shell  lor  a  distance  of  ilj  in.,  showing  that  this  capped  shelf  must  have  neaily.  il  not  quite. 
1  erforatcd  the  plate. 
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the  first  three  rounds,  in  which  the  highest 
power  resulted  from  a  striking  velocity  of 
2,177  foot-seconds  and  3,280  foot-tons  striking 
energy,  with  a  penetration  of  wrought  iron  of 
i5'7in.  by  Tresidder's  formula,  the  projectiles 
were  completely  broken  up,  and  no  cracks 
resulted  in  the  plate.  In  the  fourth  round, 
with   a  striking  velocity  of  2,261   foot-seconds 


and  striking  energy  of  3,550  foot-tons,  the  point 
of  the  projectile  just  broke  through.  In  the  last 
round,  with  a  capped  projectile  (i05"(-;lbs.),  the 
striking  velocity  being  reduced  to  1,945  foot- 
seconds,  the  striking  energy  to  2,778  foot-tons, 
and  the  penetration  of  wrought  iron  to  i3'8  in., 
the  projectile  completely  perforated  the  plate 
undamaged,  and  passed  through  the  backing  to 


FIRST    ROUND  SEC0Xr>    ROUXU 

OBTAINED    .AFTER    A    FIRST   AND    SECOND    ROUND    AGAINST   A   6-IN.    VICKERS    K.C.    PLATE, 
ILI.USTR.ATING   THE   ADVANTAGE    OK   THE    "JOHNSON    CAP."    (FIG.  4}. 


First  round. — A  6-in.  Vickers  armour-piercing  shot,  without  cap,  and  weighing  100  lbs.,  was  discharged 
against  the  above  target  from  a  6-in.  gun  (Marie  B),  loaded  with  12-5  lbs.  of  cordite,  at  a  distance  of 
1,000  yards.  It  was  observed  that  the  projectile  was  broken  up,  the  point  remaining  fused  in  the  plate.  The  extent 
of  injury  by  scaling  was  24in.H  X  2J  in.  V.  \o  cracks  were  formed  by  the  impact,  but  signs  of  a  bulge  were 
discernible  at  the  back  of  the  plate.  The  muzzle  velocity  was  2,034  loot-seconds,  striking  velocity  1,995  foot-seconds, 
and  the  striking  energy  2,766  foot-tons. 

Second  round. — The  next  attempt  was  very  successful.  A  7'5-in.  armour-piercing  shell,  fitted  with  the 
"Jolinsonc.ip,"  and  weighing  205  Itis.,  discharged  at  I,003  yard^  from  a  7  5-in.  gun  (50  cats. I,  loaded  with  a  charge  of 
3531  lbs.  of  cordite,  not  only  completely  perforated  the  plate  and  hacking,  hut  the  point  of  the  shell,  weighing 
02  lbs.,  penetrated  20  feet  into  a  sand  bank  at  the  rear  of  the  target.  No  fragments  of  the  projectile,  except  the  base 
plug  were  found,  and  the  size  of  the  hile  in  the  plate  measured  875  in.  x  f^'S  in-  Scaling  had  taken  place  around 
the'aperture  to  the  extent  of  14  5  in.  H.  x  I4'5  in.  V.  The  muzzle  velocity  was  2,221  foot-seconds,  striking  velocity 
2,186  foot-seconds,  and  the  -striking  energy  6,705  foot-tnns. 
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bury  itself  beyond.  A  trial  of  a  O-in.  Carnegie 
plate  gave  analogous  results,  and  a  capped  pro- 
jectile of  100  lbs.,  with  1,913  foot-secoiids  strik- 
ing velocity,  was  found  just  equal  to  an  uncapped 
one  with  2,290  foot-seconds,  and  it  increased 
the  penetrating  power  by  2^  per  cent. 

The  following  table  shows  the  results  with 
an  ii-in.  Krupp  plate,  manufaciured  by  the 
Bethlehem  Steel  Company,  representing  turret- 
armour  of  the  battleship  Miinw,  whicii  took 
place  at  Indian  Head  in  May.  They  were  not 
so  conclusive  in  regard  to  the  value  of  the 
capped  shot. 
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In  the  Ihst  three  rounds  with  ordinary  pro- 
jectiles the  plate  was  bulged,  but  not  cracked. 
The  other  rounds  were  with  capped  projectiles 
-^,1     Midv.ile,    a  Wheeler,   and  :i    C.irpLMiter — 


IINST   UorXD  SKCONI)   liorxD 

THIRD    KOIXI) 
RESULTS    OBTAIXED    .AKTKU    TIIK    T;IIHI)    HorXl)     .VC.MXST    A    6-IX.    VICKKKS    K  C.    IM.ATIi.    I  LUSTKATlXi; 
Till-;    ADV.VXTAGE    OF    THIC    'VIOIIXSOX    CAP."    (l-'Kl.    5.) 

Third  round.— The  above  photo  shows  the  .isptct  of  the  plate  alter  llie  thud  rouiut.  A  6-in.  Vickers  .irpioiii-- 
picreina  sliot.  fitted  witli  a  "Johnson  cap,"  and  weighing  105  Ihs.,  propelled  Irom  a  (>-in.  j;nn  (.Mark  B)  by  a  charjie  01 
12-94  Itis.  o'  cordite,  coinpletelv  pertoraled  the  plate  and  liackiiij;,  as  in  the  case  ot  the  heavier  projectile.  The  sh.it, 
however,  broke  up,  and  pieces  ot  it  were  ailerw.irds  found  at  the  rear  of  the  target.  The  si/.e  of  the  h<ile  was  about 
65  in.,  the  e.\teiit  of  injury  by  scalinj;  being  13  in.  H  :<  14  in.  V.  The  mean  nui//.le  velocity  was  2.007  loot- 
seconds,  the  striking  velocity  1,971  foot-seconds,  and  the  striking  energy  2,^<29  foot-tons. 
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the  first  of  these  rounds  being  at  about 
15J  deg.  from  the  normal,  and  somewhat  more 
in  the  case  of  the  succeeding  rounds. 

An  attempt  has  now  been  made  to  show  the 
varying  conditions  which  have  altected  the 
contest  between  the  gun  and  the  plate,  giving 
the  superiority  first  to  the  one  and  then  to  the 
other.  It  has  been  shown  that  the  Krupp 
process  has  enabled  the  plate  to  triumph,  but 
that  the  introduction  of  the  cap,  which  is  now 
sure  to  be  adopted,  may  again  shift  the  balance 
and  make  the  contest  more  equal.  It  remains 
to  be  seen  what  further  advance  may  yet  be 
made  to  meet  the  reinforced  attack. 

It  must  be  remembered,  however,  that  the 
introduction  of  a  cap  is  not  solely  a  matter 
concerning  velocity  and  energy.  The  value  of 
a,  gun  rests  even  more  in  its  ability  to  direct  a 
projectile  to  the  point  desired,  and  anything 
that  changes  the  conditions  of  its  external 
ballistics  requires  to  be  considered  from  another 
point  of  view  entirely.  It  has  been  pointed 
out  that  the  use  of  the  cap  is  likely  to  reduce 
the  stability  of  the  projectile  in  its  flight,  greatly 
to  diminish  precision  of  lire,  and  to  overthrow 
entirely  existing  tables  of  fire.  In  view  of 
these  considerations,  the  late  Admiral  Sampson, 
then  a  captain,  an  officer  of  great  compe- 
tence in  ordnance  matters,  is  said  to  have 
pronounced  against  the  use  of  the  cap  except 
in  special  conditions.  Remembering  also 
the  fact  that  capped  projectiles  are  more 
uncertain  in  result  as  the  striking  angle  is 
increased,  being  affected  in  greater  degree  in 
this  regard  than  ordinary  shot,  it  may  be 
concluded  that  the  long  contest  between  the 
gun  and  the  armour-plate  will  not  soon  be 
decided  by  the  temporary  victory  of  either  of 
the  adversaries. 

How  far  it  is  from  settlement  may  be  seen 
by  the  rival  claims  now  put  forward  in  the 
United  States.     Ordnance  and  artillery  officers 


of  the  Army  have  devised  a  new  fuse  which 
they  declare  will  not  detonate  until  after  the 
shell  has  entered  far  into  an  armour  plate,  and 
it  is  suggested  that,  with  the  tremendous 
velocities  now  attained,  and  the  great  advances 
made  with  smokeless  powder,  further  progress 
in  the  manufacture  of  plates  becomes  necessary. 
The  Naval  authorities  recently  tried  an  armour- 
piercing  shell  at  Indian  Head,  for  which  it  is 
claimed  that  it  will  perforate  armour  of  a 
thickness  equal  to  its  own  calibre,  carry- 
ing a  heavv  charge  of  high  explosive.  A 
6-in.  shell  is,  indeed,  said  to  have  passed 
through  a  6-in.  plate,  breaking  up  on  the 
other  side.  It  seems  desirable,  however,  to 
receive  reports  of  armour-piercing  high  ex- 
plosive shells  with  some  caution,  until  extended 
trials  have  demonstrated  their  effectiveness. 
Meanwhile,  Lieut.  Cleland  Davis,  U.S.N., 
attached  to  the  Bureau  of  Ordnance,  has  intro- 
duced an  electrical  carbon  treatment  for  armour 
plates,  which  is  said  to  have  results  much 
superior  to  anything  yet  known.  It  is  stated 
that  heavy  currents  of  electricity  are  directed 
on  the  plate,  while  it  is  in  a  heated  state,  by 
large  carbon  anodes.  The  electric  current 
forms  an  arc,  carrying  with  it  a  portion  of  the 
carbon  of  the  anode  to  a  depth  regulated  by  the 
length  of  the  application,  thus  rendering  the 
plate  exceedingly  hard.  Admiral  O'Xeil  is 
believed  to  attach  much  importance  to  the  in- 
vention, but  further  information  regarding  it  is 
much  to  be  desired.  The  process  appears  to 
give  new  promise  to  the  plate.  It  is,  at  the 
same  time,  worthy  of  note  that  Lieut.  Davis  has 
himself  introduced  a  new  form  of  explosive 
shell  designed  to  increase  the  capacity  for  a 
bursting  charge,  and  to  add  to  the  per- 
forating power  by  concentrating  the  weight 
in  the  line  of  attack — in  other  words,  to 
strengthen  the  walls  of  the  shell  in  order  to 
resist  fracture. 
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MARCONI'S    SYSTEM. 

X    the    annals    ot     "Wireless"    Telegraphy 
the  year  1896  is  memorable  for  the  arrival 
Mareimi,    a     young 


Mr. 


on  the  scene  ot 
Italian,  who  came 
to  this  country 
armed  with  a  patent 
which  he  had  pro- 
visionally applied 
for,  and  with  an 
apparatus  which  he 
had  been  testing 
for  a  year  pre- 
viously near  Bo- 
logna. The  British 
Post  Office,  repre- 
sented by  Mr. 
(now  Sir)  William 
Preece,  and  tlie 
Koyal  Engineers, 
were  conducting 
experiments  on 
Salisbury  Plain,  and 
Mr.  Marconi  had 
no  difficulty  in  ob- 
taining an  invita- 
tion to  exhibit  his 
system.  Signals 

were  exchanged 
across  a  valley  one 
and  a-half  miles 
wide,  and  the  re- 
sults were  promis- 
ing enough  to 
warrant  more  extended  trials, 
carried  out  under  the  auspices  of  the  Post 
Office  at  Penarth  and  elsewhere.     Mr.  Marconi 


Lajaycltc.  Lomtji 


<'.L'Gl.IlCI..MO     MAKLOM. 


wnicii     were 


at  this  date  was  using  a  very  simple  apparatus, 
based  upon  the  elements  generally  employed 
in  Hertzian  experiments  ;  and  his  own  con- 
tributiiins  to  it  appear  to  have  consisted  mainly 

in  earthing  one 
pole  each  of  the 
transmitter  and  co- 
herer, introducing 
choking  coils  into 
the  receiving  cir- 
cuit, and  laying 
down  a  hypotheti- 
cal law  of  squares 
as  representing  the 
relation  between 
the  height  at  which 
he  }ilaced  his 
"  capacities  "  — 
cubes  of  metal, 
probably  biscuit 
bo.xes  in  the  first 
instance — and  the 
space  over  which 
signals  could  be 
detected. 

M  r .  M  a  r  c  o  n  i , 
however,  possessed 
a  ciuality  of  energy 
which  was  worth 
more  than  his  origi- 
nal apparatus,  and 
owing  to  this,  and 
the  favourable  cir- 
cumstances which 
him  to  carry  out  costly  experi- 
large  scale,    he      has    gone     on 


have    enaliled 
nients   on    a 


adding  continual    and    real    improvements    to 
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the  system,  and  has  succeeded  in  niono- 
pohsing  to  a  large  extent  its  commercial 
possibilities.  Indeed,  on  the  practical  side,  he 
has  had  no  rival  so  far  but  Professor  Slaby,  in 
Germany,  whose  work  will  be  dealt  with  later, 
and  in  point  of  record  accomplishment  he  has 
left  Professor  Slaby,  as  well  as  others,  far 
behind.  The  public  has  a  weakness  for  records, 
and  JMr.  Marconi's  work  has  thus  attracted  an 
overwhelming  share  of  popular  attention.  This 
in  its  turn  has  produced  counter-attentions  of 
an  opposite  character,  and  has  led  Mr.  Marconi 
into  controversial  discussions  as  to  the  originality 
of  his  system  and  the  value  of  what  he  has  done. 
With  regard  to  the  latter,  let  it  be  admitted  that 
he  has  takenaleading  part  in  bringing  "  wireless" 
telegraphy  into  practical  use.  He  has  foreseen 
and  forestalled  its  most  useful  applications. 
With  apparently  unlimited  resourcefulness, 
working  from  short,  up  to  gradually  longer 
distances,  he  has  erected  station  after  station 
in  remote  and  often  uncongenial  localities.  He 
has  spent  weeks  at  a  time  at  sea  testing  and 
improving  the  details  of  his  receiving  instru- 
ments. He  has  tried  every  known  kind  of 
apparatus,  modifying  it  to  suit  his  own  needs, 
and  has  introduced  methods  of  working  that 
were  unknown.  In  ime,  nothing  has  damped 
his  pertinacity  or  self-contidence,  and  these 
qualities,  though  scarcely  of  an  ingratiating 
kind,  do  not  fail  to  appeal  to  Anglo-Saxons, 
who  never  withhold  tribute  from  the  man  who 
succeeds. 

MARCONI'S    CLAIMS    TO    ORIGINALITY. 

On  the  otiier  hand,  it  is  easy  to  overrate  the 
originality  of  (at  any  rate)  Marconi's  earliest 
work,  on  which  he  stepped  into  fame,  and 
gushing  writers  for  the  press  have  habitually 
done  so,  with  the  result  that  certain  men  of 
science  have  been  driven  into  an  opposite 
camp,  and  have  accused  Mr.  Marconi  of  sup- 
pressing in  his  papers  the  credit  due  to  others. 
His  first  patent,  already  mentioned,  lends  some 
colour  to  their  view.  Under  the  comprehensive 
title  of  "  my  invention  "  it  sets  forth  a  number 
of  things  which  were  pretty  well  known  before, 
and  were  certainly  not  invented  by  Mr.  Marconi. 
Its  claims  embrace,  for  instance,  Righi's  oscil- 
lator. Lodge's  "  antennai,"  Lodge's  tapper 
worked  by  a  relay,  Branly's  and  Lodge's 
coherers,  Righi's  detector  for  h.xing  the  proper 


length  of  the  "antenna;,''  Hertz's  parabolic 
rellector,  and  other  similar  devices.  It  does 
not  claim  the  long  vertical  wires  which  were 
really  the  secret  of  Marconi's  success,  possibly 
because  Edison  had  previously  used  and  patented 
the  same  idea. 

HIS    FIRST    APPARATUS. 

In  the  Slmiiil  Mafi^azinc  for  March,  1897,  there 
is  an  illustrated  interview  with  Mr.  Marconi  (an 
unusually  fulsome  production),  which,  at  all 
events,  contains  one  item  of  interest.  This  is  a 
portrait  of  the  inventor  seated  before  his  early 
apparatus.  On  one  side  is  what  appears  to  be 
an  ordinary  Righi  oscillator,  on  the  other  a  bo.x 
containing  the  coherer  and  batter}',  with  hori- 
zontal "  antenna;,"  or  copjier  strips,  such  as 
Lodge  first  used  for  tuning  and  strengthening 
the  coherer  circuit.  On  top  of  the  box  is  a 
telegraphic  instrument  worked  by  the  relay 
inside.  There  is  no  element  of  novelty  in  this 
apparatus,  and  on  the  face  of  it  no  special 
modifications.  One  may  fairly  suppose  that  Mr. 
Marconi,  either  from  inexperience  in  drafting  a 
patent,  or  from  the  difficulty  of  describing  his 
arrangements  without  specifying  all  the  apparatus 
used,  was  led  to  include  much  that  he  had 
found  ready  to  his  hand  when  he  began  working 
at  the  subject.  Having  cleared  the  ground  on 
this  point,  we  can  leave  Marconi's  first  patent, 
which  contains  very  little  that  is  now  of 
value,  and  trace  the  course  of  his  subsequent 

MODIFICATIONS    AND     IMPROVEMENTS. 

In  i8g8,  Mr.  Marconi  broke  off  from  the  Post 
Office,  and  joined  a  company  formed  to  exploit 
his  system.  He  began  by  erecting  a  station  at 
the  N'eedles,  Alum  Bay,  in  which  ''  capacities," 
parabolic  reflectors,  etc.,  were  more  or  less 
discarded,  and  in  which  the  principal  feature 
was  a  long  insulated  wire,  suspended  from  a 
mast.  This  was  connected  at  the  lower  end  to 
one  of  the  ball  terminals  of  a  lo-in.  induction 
coil,  worked  by  a  battery  of  100  cells,  partly  in 
parallel,  the  other  terminal  of  the  coil  being 
connected  to  earth.  A  press-down  key  enabled 
the  circuit  to  be  made  and  broken  for  longer  or 
shorter  intervals.  Signals  were  sent  to  a 
receiving  instrument  on  a  small  steamer  out  at 
sea,  the  vertical  wire  being  in  this  case  used  as 
a  collector.  As  soon  as  results  warranted  it,  a 
corresponding  station  was  erected  at  Bourne- 
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MARCOXI    INSTALLATION    AT    MAHUKONA,    HAWAII. 

mouth,  14  miles  distant  across  the  Solent,  and 

later  at  Poole,  4  miles  further  still.  The  receiving 

apparatus  was  that  already  mentioned,  consisting 

of    the     vertical     wire     (or 

"  aerial  ")  connected  to  one 

terminal    of  a    metal-filings 

coherer,  the    other  terminal 

being   connected    to    earth. 

Arranged   in     shunt    across 

the  coherer   was    a   circuit 

containing  a  single  cell  and 

a   relay    instrument,    which 

actuated  a  second  system, 
in  which  was  a  stronger 
battery  and  a  Morse  re- 
corder. The  relay  also 
worked  the  tapper,  which 
was  an  electric  bell  vibra- 
ting against  the  coherer. 
Choking  coils  and  conden- 
sers were  included  at  various 
parts  of  the  circuit.  The 
receiving  apparatus  was 
securely  enclosed  in  a  metal 
box  (such  as  Branly  had 
found  necessary)  to  protect 
it   from  the  adjacent  trans-  mai;co\i  sta 


mitting   apparatus,    and    only    became 
effective  when   the   vertical   wire   was 
switched  on  to  it,  thus  enabling  Hertzian 
waves  to  penetrate  the  screen.     With 
the  "aerial"  connected  at  one  station 
to  the  transmitter  and    at  the  other  to 
the  receiver,  signals  were  sent  from  the 
former  by  depressing  the  key  so  as  to 
form  Morse  code  letters.    The  surgings 
set  up  in  the  wire  were  communicated 
as  waves  to  the  ether,  and  spread  out 
in  every  direction  like  concentric  ripples 
at  the  speed  of  light.     When  these  cut 
the  vertical  wire  of  the  receiving  station, 
corresponding  surgings    (but    faint    in 
proportion   to    the   distance)    were   set 
up  in  that.     These  were  communicated 
to  the   coherer,  with  the  result  that   it 
became  a  partial  conductor,    allowing 
sufficient     current    to    pass    from   the 
single  cell  to  operate  the  relay,  which 
in  turn  operated  the  Morse  inker.      At 
the  same  time  the  tapper    was  set  in 
motion,     so     as     to    "decohere"      the 
coherer   and   render  it  sensitive    once 
The  action  between  coherer  and  tapper 
being   very  rapid,  it    hardly  affects  the   heavy 
working  of  the   Morse  instrument,  which  there- 


more. 
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fore  registers  true  dots  and  dashes  corre- 
sponding to  the  working  of  the  key  at  tlie 
transmitting  station.  Mr.  Marconi  described 
this  system  fully  in  a  paper  read  before  the 
Institution  of  Electrical  Engineers  in  March, 
1899,  and  recorded  the  work  achieved  witii  it, 
which  included  reporting  the  yacht  races  in 
Kingstown  Harbour  from  a  steamer,  in 
1S98,  and  establishing  communication  between 
Osborne  House  and  the  Royal  yacht  Osborne 
during   the   cruise    of    H.R.H.    the    Prince   of 


with  a  condenser  in  the  circuit,  was  placed 
across  the  terminals  of  the  secondary.  Coil  and 
condenser  were  constructed  so  as  to  be  "  in 
tune  or  symphony"  with  the  particular  oscilla- 
tions given  off  by  the  transmitter.  In  a  dis- 
course delivered  at  the  Royal  Institution, 
Xovember,  1900,  Mr.  Marconi, curiously  enough, 
says  nothing  about  this  use  of  tiie  transformer, 
but  conlines  himself  to  its  power  of  reinforcing 
the  faint  oscillations  received,  and  so  extending 
the  range  of  signals.     He  savs  : — 
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Wales,  at  thehime  tliat  he  was  suffering  fioni  a 
fractured  patella. 

TUNING    THE    CIRCUITS. 

The  chief  defect  in  the  system  at  this  time, 
and  it  was  a  serious  one,  was  the  absence  of  any 
device  for  tuning  or  screening  the  circuits,  and 
Marconi's  subsequent  patents  and  experiments 
were  mainly  devoted  to  this  necessary  end.  His 
first  arrangement,  patented  June  ist,  1898,  was 
the  device  known  in  Marconi  language  as  the 
"jigger."  The  vertical  wire  was  no  longer 
insulated,  but  connected  to  earth  direct  through 
the  primary  of  an  induction  coil.     The  coherer, 


Tile  otijcil  <if  Ihis  tr.iiisiormcr  is  to  iiKicasL-  the  E.M.F. 
of  the  induced  oseiUatioiis  at  the  terminals  of  the  coherer, 
and  tlierefore  cause  it  to  lireak  down  with  a  weaker 
oscillation,  and  so  be  affected  at  a  imicli  i;reater  distance 
than  wonld  he  possible  if  it  were  c^^nected  directly  to 
the  vertical  conductor.  .  .  .  The  results  given  bv 
some  of  these  induction  coils  have  been  remarkable. 
During  the  naval  manieuvres  I  had  an  opportunity  <if 
lesting  how  much  they  increased  the  range  of  signalling 
with  a  given  amount  of  energy  and  height.  When 
working  between  the  cruisers  yiiiio  and  Eiiiv/'n,  I  ascer- 
tained that  when  the  inductiijii  coil  w.is  omitted  from  the 
receiver  the  limit  distance  obtainable  was  seven  miles, 
but  with  an  induction  coil  similar  to  that  shown,  a  dis- 
tance of  over  sixty  miles  could  be  obtained  with 
certainty. 
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KIG.  I.       MARCONI  TRANS.MITTEK,  WITH   DOUBLE  SYNTOXISIXG  COIL. 


In  the  interesting  series  of  experiments  car- 
ried out  between  South  Foreland  and  Wimereux, 
near  Boulogne,  in  1899,  this  device  was  con- 
stantly employed.  A  permanent  installation  had 
been  fitted  up  at  the  same  time  between  the 
South  Foreland  Station  and  one  of  the  light- 
ships on  the  Goodwins,  and  Mr.  Marconi  was 
understood  at  the  time  to  claim  that  signals 
from  the  lightship  did  not  clash  with  or  confuse 
the  signals  from  Wimereux. 

PROBLEMS    IN    SYNTONIC    EFFECTS. 

The  ^i-lctliir  properties  of  the  "jigger  "  were 
set  forth  in  a  subsequent  paper  of  May  15th, 
1 90 1,  read  before  the  Society  of  Arts,  and 
entitled  "  Syntonic  Wireless  Telegraphy.''  In 
this  paper  various  methods  of  tuning  the  circuits 
at  the  different  stations  were  described,  begin- 
ning with  the  one  referred  to.  Mr.  Marconi 
described  it  as  "  the  introduction  of  a  proper 
form  of  oscillation  transformer  in  conjunction 
with  a  condenser  so  as  to  form  a  resonator  tuned 
to  respond  best  to  waves  given  out  by  a  given 
length  of  aerial  wire."  He  then  went  on  to 
explain  that  a  vertical  wire  pure  and  simple  is  a 
bad  form  of  radiator  for  syntonic  effects.  A 
vertical  wire  discharges  all  its  energy  in  one  or 
two  violent  oscillations,  whereas  what  is  ret]uired 
is  a  persistent  radiator,  one  which  will  give  a 
more  prolonged  series  of  timed  oscillations,  the 
effect   of  which  on  a  distant  resonator  will   be 
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it,  because  the  oscillations  given 
out  are  too  feeble  individually  to 
affect  others.  Mr.  Marconi  offers 
two  main  solutions  of  this  problem. 
The  first  is  to  use  "  an  ordinary 
vertical  radiator  placed  near  an 
earthed  conductor,  the  effect  of 
which  is  to  increase  the  capacity  of 
the  radiating  wire  without  increasing 
its  radiative  power."  By  making  the 
two  conductors  unequal  in  length  a 
difference  in  phase  of  the  oscilla- 
tions was  obtained,  "  otherwise  their 
mutual  effect  would  be  to  neutralise 
one  another."  The  second  solution 
was  considered  at  the  time  more  im- 
In  it  the  radiating  and  resonating 
conductors  take  a  cylindrical  form,  the  earthed 
cylinder  being  one  inside  the  other.  The  large 
capacity  of  the  receiver,  it  is  claimed,  causes  it 
to  be  a  resonator  possessing  a  decided  period  of 
its  own,  so  that  it  is  no  longer  apt  to  respond  to 
frequencies  which  differ  from  its  own  period  of 
electrical  oscillation,  nor  to  be  interfered  with 
by  the  stray  ether  waves  which  in  summer 
especially  render  "  wireless  "  telegraphy  uncer- 
tain. Cylinders  7  metres  high  and  li  metres  in 
diameter,  made  of  zinc,  were  used,  and  are  stated 
to  have  worked  successfully  and  without  inter- 
ruption from  neighbouring  stations  between 
Poole  and  St.  Catherine's  Bay,  Isle  of  Wight. 

Mr.  Marconi  claims  in  his  paper  that  this 
arrangement  is  protected  by  his  patent  of 
March  21st,  1900,  No.  5,387,  but  reference  to  this 
patent  shows  that  it  is  for  a  concentric  cable, 
or  pair  of  vertical  conductors,  which  should  in 
any  case  be  of  considerable  length,  and  the 
tuning  is  effected  by  the  use  of  inductance  coils. 
At  the  transmitting  station  a  coil  of  variable 
inductance  is  used  in  circuit  with  one  of  the 
conductors,  and  at  each  receiving  station  a 
similar  coil,  but  of  fixed  inductance,  in  circuit 
between  the  coherer  and  one  of  the  conductors. 
The  inductance  of  the  coil  at  the  transmitting 
station  is  varied  so  as  to  be  in  tune  with  any 
desired  receiving  station. 

This  is  similar,  though  by  no  means  identical, 
with  a  further  system  described  in  the  Society 


cumulative,   like    the    timed  pulls   on  a  heavy 

bell.     A  violent  and   quick  radiator  may  affect  of  Arts   paper,  and  claimed  as  patented   .•\pril 

all    sorts    of  receivers,  however  tuned;    but   a  j6th,  1900,  in  which  a  singlevertical  wire  is  used, 

persistent   and  less  violent   radiator   will    only  and  the  tuning  is  effected  by  a  closed  condenser 

affect  the  particular  receiver  which   is  tuned  to  circuit,  such  as  was  devised  by  Sir  Oliver  Lodge 
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111  his  syntonic  Leydcn  j.ir  experiments.  Tiic 
transmitter  consists  of  a  variable  condenser  in 
circnit  with  a  Tesla  coil  or  transformer,  and 
the  vertical  wire  is  made  to  correspond  with 
this  in  period  by  adding  or  taking  away  length. 
In  the  receiver,  the  vertical  condnctor  is  con- 
nected to  earth  through  the  iirimary  of  an 
induction  coil  as  before,  and  the  coherer  com- 
pletes the  secondary  circuit,  but  has  an  adjust- 
able condenser  shunted  across  its  terminals. 
In  order  to  get  the  best  results,  the  period  of 
oscillation  of  the  vertical  wire,  transformer 
primarv,  and  earth  connection  should  be  in 
resonance  with  the  secondary  circuit  which  in- 
cludes the  condenser.  The  condenser  "in- 
creases the  capacity  of  the  secondary  resona- 
ting circuit  of  the  transformer,  and  in  the  case 
of  a  large  series  of  feeble,  but  properly  timed 
oscillations  being  received,  the  same  is  summed 
up  until  the  E.M.F.  at  the  terminals  and  the 
coherer  is  sufficient  to  break  dnwii  its  insula- 
tion." 

SIMULTANEOUS    MESSAGES. 

With  this  system  Mr.  Maivoni  claims  to  be 
able  to  transmit  multiple  messages  from  one 
vertical  wire,  by  means  of  differently  tuned 
circuits,  each  of  which  will  communicate  with 
one  particular  receiving  station  similarly  tuned, 
and  with  no  other.  Professor  Fleming  vouches 
for  the  accuracy  of  this  claim,  but  I  am  not 
aware  of  the  extent  to  which  it  has  been  tried. 
Fig.  I  shows  a  duplicate  transmitting  apparatus 
in  which  selective  tuning  is  g<it  by  dividing  the 
long  coil  shown  into  two  unequal  parts,  corre- 
sponding with  the  receiving  apparatus  at  two 
dit'ferent  stations.  This  apparatus  has  been 
demonstrated  to  various  Government  officials  ; 
but,  so  far  as  I  know,  it  is  not  yet  in  permanent 
use.  Syntonic  apparatus  on  the  principle  just 
described  is,  however,  ccimmuily  installed  by 
the  Marconi  Comp.my  now,  and  syntonic 
messages  have  been  successfully  exchanged 
with  an  American  liner  up  to  a  considerable 
distance,  the  same  being  imperceptible  to  a 
second  liner  following  in  the  wake  of  the  first. 

TRANSATLANTIC    COMMUNICATION. 

Mr.  Marconi's  most  recent  work  has  been  in 
the  direction  of  establishing  Transatlantic  com- 
munication, and  his  results  have  been  so  widely 
publislied  that  tlicre  is  no  need  to  dilate  on  them 


here.  Tlie  apparatus  used  in  these  experiments 
has  not  been  described,  but  it  is  known  to 
differ  very  considerably  from  anything  Mr. 
Marconi  has  used  before,  and   the  small  pholo- 


.\LTi'.i;\Arou.    I'oi.mir    station. 

graph  of  the  interior  of  the  T'oldhu  station'jn 
Cornwall,  which  Mr.  Marconi  has  built  for  these 
experiments,  shows  that  an  alternator  of  very 
considerable  size  is  required.  This,  if  report 
speaks  accurately,  generates  a  continuous  high- 
tension  Tesla  discharge,  which  is  interrupted 
by  means  of  a  nT=!gnetic,  or  more  probably  a 
mechanical,  blower.  The  radiator  consisted,  in 
the  first  instance,  of  50  naked  wire  conductors 
suspended  from  a  horizontal  wire  rope  joining 
the  top  of  two  masts,  each  48  metres  high,  and 
converging  to  a  common  centre.  A  correspond- 
ing station  at  Cape  Cod,  Mass.,  U.S..\.,  hatl  the 
conductors  suspended  from  a  circular  ring 
joining  the  tops  of  a  great  circle  of  masts  (see 
illustration), but  both  stations  were  unfortunately 
wrecked  by  a  storm  within  a  short  time  of  each 
other.  .\  new  station  is  being  erected  at  Poldhu, 
with  four  towers  of  scantling  arranged  in  a 
square  (see  illustration),  to  carry  the  vertical 
radiators,  which  will  hang  from  wires  joining 
the  tops  of  the  towers  and  will  meet  at  a  common 
centre.  Similar  stations  are  also  being  put  uji 
in  .America  and   in  Canada,  the  Government  of 
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which  has  subsidised    the  experiment    to    the 
extent  of  _£'i6,ooq. 

The  signals  received  across  the  Atlantic  by 
Mr.  Marconi  (the  letter  "  S "  repeated)  were 
transmitted  from  Poldhu  to  a  temporary  station 
in  Newfoundland,  where  the  vertical  wires  were 
suspended  from  a  balloon  or  kite.  The  con- 
stantly changing  capacity  of  this  conductor 
made  the  ordinary  Marconi  system  unworkable, 
and  the  signals  were  received  on  a  telephone 
by  means  of  a  mercury  coherer,  invented  by  a 
signalman  in  the  Italian  navy  named  Castelli. 
There  has  been  a  good  deal  of  discussion  in 
the  technical  press  over  the  merits  of  this  in- 
vention and  over  certain  rival  claims  to  it  ;  and 
Mr.  Marconi  has  been  extensively  attacked  for 
not  mentioning  the  apparatus  in  reporting  his 
experiments,  as  well  as  for  (apparently)  patenting 
it  Jirst  in  his  own  and  then  in  a  rival  claimant's 
name.  The  mercury  coherer,  consisting  of  a 
globule  of  mercury  between  an  iron  and  a  carbon 
plug,  possesses  a  far  higher  degree  of  sensitive- 
ness than  the  ordinary  metal  tilings  coherer, 
and  is  self-recovering.  iMercury  for  this  purpose 
has  been  proposed  long  ago,  both  by  Professor 
Chunder  Bose,  of  Calcutta,  whose  advanced 
and  early  researches  call  for  further  mention 
hereafter,  and  also  by  Mr.  Appleyard  ;  but 
this  is  the  first  time  it  has  been  practically 
applied. 

MARCONI'S    NEW    RECEIVER. 

Since  the  episode  above  referred  to,  Mr. 
Marconi  has  brought  out  a  newer,  and,  it  is 
claimed,  still  more  sensitive,  receiver,  based 
upon  the  known  fact  that  electric  waves  will 
magnetise  and  demagnetise  a  steel  needle. 
The  apparatus  was  fully  described  in  a  paper 
read  before  the  Royal  Society,  June  12th,  1902. 
Its  construction  is  as  follows  :  — 

On  a  core  consisting  of  thin  iron  wires  are  wound  one 
or  two  layers  of  fine  insulated  copper  wire.  Over  tliis 
winding  insulating  material  is  placed,  and  over  this 
again  another  longer  winding  of  thin  copper  wire.  The 
ends  of  the  winding  nearest  the  iron  core  are  connected 
to  the  plates  or  wires  of  the  resonator,  or,  as  is  the  usual 
practice  in  Marconi  long-distance  telegraphy,  to  earth 
and  to  an  elevated  conductor  ;  or  they  may  be  connected 
lo  the  secondary  of  a  suitable  receiving  transformer  or 
intensifying  coil,  such  as  are  employed  for  syntonic 
wireless  telegraphy.  The  ends  of  the  other  winding  are 
connected  to  the  terminals  of  a  telephone  or  other 
receiving  instrument.  Near  the  ends  of  the  core  is 
placed  a  magnet,  revolved  hy  a  clockwork  arrangement, 


so  as  to  cause  a  slow  and  constant  change,  or  successive 
reversals,  in  the  magnetisation  of  the  iron  core.  If 
electrical  oscillations  of  suitable  period  be  sent  from  a 
transmitter,  rapid  changes  are  effected  in  the  magnetisa- 
tion of  the  iron  wires,  and  these  changes  cause  induced 
currents  in  the  windings,  which  in  turn  reproduce  on  the 
telephone  the  signals  sent  from  the  transmitting  station. 
Should  the  magnet  be  taken  away,  or  its  movement 
stopped,  the  receiver  ceases  to  be  perceptibly  affected  by 
the  electric  waves. 

The  phenomenon  exhibited  by  this  apparatus 
appears  to  be  a  change  in  "lag"  or  magnetic 
hysteresis  caused  by  the  incidence  of  the  waves 
on  a  body  subjected  to  a  varying  magnetic 
field.  The  rapid  alterations  of  molecular  strain 
can  be  detected  by  a  telephone.  Mr.  Marconi 
claims  for  his  new  receiver  that  it  possesses  a 
practically  uniform  and  constant  resistance  much 
lower  than  that  of  a  coherer  in  its  sensitive  con- 
dition, also  that  it  will  work  with  a  much 
lower  E.M.F.  Its  usefulness,  however,  has  still 
to  be  tested. 

Mr.  Marconi's  system  has  had  the  advantage 
of  extensive  trials  in  the  navies  both  of  Great 
Britain  and  Italy  and  in  the  mercantile  marine. 
One  of  our  illustrations  shows  the  arrangement 
of  the  apparatus  on  board  S.S.  Minnelonka,  the 
latest  vessel  to  be  so  iitted  up.  Another  illus- 
tration shows  one  of  the  masts  erected  in  the 
Hawaiian  group  of  islands  by  a  private  coinpany 
for  inter-insular  communication.  The  venture 
has,  for  some  reason,  broken  down,  but  there  is 
some  talk  of  restoring  it.  Marconi  apparatus 
was  also  tried  in  the  South  African  War 
without  great  success,  owing,  as  Mr.  Marconi 
himself  says,  to  vi-ant  of  masts  and  proper  condi- 
tions of  working.  The  system  (speaking  of 
"wireless"  telegraphy  in  general)  certainly  seems 
more  adapted  for  sea  than  for  land  communica- 
tion,* and  is  likely  to  come  into  common  use 
on  ships.  It  is  already  installed  at  many 
of  the  Lloyds'  calling  stations,  the  Marconi 
Company  having  succeeded  in  getting  a  fourteen 
years'  monopoly  from  the  Corporation  of 
Lloyds. 

In  the  next  article  we  shall  deal  with  a  number 
of  inventors  whose  work' has  not  yet  attained 
the  range  or  the  proiuinence  of  Marconi's,  but 
who  have,  nevertheless,  contributed  to  the 
development  of  "  wireless  "  telegraphy,  and  who 
may  presently  come  forward  as  rivals  in  the 
field. 

*  The  Orling- Armstrong  and  other    earth-current    systems  are,  of 
course,  an  exception  to  this  rule. 
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"DETWEEN  Xew  York  and  Brooklyn  cities 
-'-'  there  is  now  being  built  the  largest  high- 
way suspension  structure  in  the  world.  Already 
the  making  of  the  great  suspension  cables  has 
begun,  and  the  work  is  progressing  at  a  rate 
which  assures  the  completion  of  the  bridge  in 
about  two  years. 

This  bridge  will  cost,  for  the  structure  alone, 
about  _/."!, 600,000,  and  including  the  money 
which  must  be  paid  out  for  the  right  of  way 
over  certain  city  property,  X2, 700,000. 

Compared  with  some  of  the  present  big 
bridges  of  the  world,  the  New  East  River 
Bridge  takes  easy  precedence.  The  centre 
span  is  1,600  ft.,  5  ft.  longer  than  the 
Brooklvn  Bridge,  320  ft.  longer  than  the 
famous  bridge  at  Clinton,  Canada,  and  780  ft. 
longer  than  the  suspension  bridge  over  Niagara 
River,  near  the  Falls.  On  completion  it  will 
connect  one  of  the  most  densely  populated  dis- 
tricts of  New  York  city  with  one  of  tiie  largest 
thoroughfares  of  Brooklyn.  The  bridge  will 
span  the  East  River  between  Delancy  Street, 
New  York,  and  South  Sixth  Street,  Brooklyn. 
Delancy  Street  is  very  near  Grand  Street, 
on  the  New  York  side,  while  South  Si.xih 
Street  is  but  one  block  north  of  Broadway, 
Brooklyn. 

The  total  length  of  the  new  bridge,  including 
spans    and    approaches,  will    be    7,200  ft.,   the 


approaches  on  both  sides  being  about  1,200  ft. 
longer  than  those  of  the  present  Brooklyn 
Bridge. 

Between  the  Brooklyn  Bridge  and  the  New- 
East  River  Bridge  will  exist  a  strong  family 
resemblance.  The  towers  of  the  former,  how- 
ever, are  composed  of  stone,  while  those  of  the 
latter  are  of  iron. 

When  it  was  lirst  proposed  to  throw  a  span 
of  iron  across  the  East  River,  in  1870,  at  the 
time  of  the  projection  of  the  Brooklyn  Bridge, 
the  plan  was  considered  by  many  to  be  utterly 
impracticable.  Engineering  authorities  laughed 
the  project  to  scorn,  while  the  general  [inblic 
regarded  it  as  altogether  chimerical. 

It  was  only  after  the  Brooklyn  Bridge  had 
been  subjected  to  years  of  severe  straining  that 
the  public  felt  assurance  in  patronising  it. 
Even  when  it  was  proposed,  a  few  years  ago, 
to  run  two  additional  lines  of  cars  on  the  outer 
roadway,  it  was  suggested  that  the  bridge  was 
not  sufhciently  strong  to  bear  the  weight. 

To  show  the  advancement  in  ideas  since  the 
building  of  the  Brooklyn  Bridge,  it  mav  be 
stated  that  not  a  question  has  been  raised  as  to 
the  mechanical  possibilities  of  the  present 
project.  Everyone  in  America  regards  it  as  a 
matter  of  course,  and  some  even  imagine  the 
new  brid.ye  will  bear  ten  times  more  weight 
than  will  actually  be  put  upon  it. 
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PRELIMINARY     WORK. 

A  great  deal  of  preliminary  work  had  to  he 
done  before  a  suitable  site  could  be  found, 
where  the  water  would  not  be  too  deep,  and 
where  the  bed  on  which  the  foundations  were 
to  rest  would  be  sufficiently  firm.  F^xactly 
similar  points  had  to  be  chosen  on  both  the 
New  N'ork  and  I'rookiyn  sides  of  the  Kast 
River. 


The  first  step  in  the  construction  of  the  new 
bridge  was  the  sinking  of  immense  caissons. 
Tiie  caisson  is  built  according  to  the  dep'.h  of 
water  in  which  it  must  operate.  On  tiie  Xew 
York  side  this  depth  was  but  20  ft.,  the 
principal  caisson  having  been  2S  ft.  high, 
63  ft.  wide,  and  79  ft.  long.  It  weighed  1,400 
tons.  Its  sides  were  of  14-in.  timber,  the 
interior   being   of   southern    jiine,    [ilaned    and 
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squared,  and  covered  by  an  additional  planking 
2  in.  thick,  tongued  and  grooved  together. 
The  caisson  was  caulked  thoroughly  and  tarred 
throughout. 

Men  who  work  in  caissons  under  the  beds  of 
rivers  are  called  "  Sand  Hogs."  Each  gang  has 
two  "  shifts  "  of  four  hours'  duration.  "  Sand 
Hogs"  receive  about  eighteen  shillings  a  shift 
for  their  wages.  Where  the  depth  is  very 
great  the  men  labour  at  much  physical  dis- 
advantage. Their  W'ages  are,  in  consequence, 
proportionately  higher.  Some  onlv  remain 
down  about  ninety  minutes,  this  securing  them 
a  day's  pay. 

The  main  danger  to  cai-son  workers  comes 
from  passing  too  quickly  through  the  air  locks. 
Of  coLu-se,  as  one  descends  towards  the  river 
bed  the  atmospheric  pressure  increases.  If  one 
goes  through  an  air  lock  too  quickly  the  sudden 
increase  or  decrease  of  pressure  will  affect  the 
lungs  and  heart.  If  the  workman  neglects  to 
take  proper  rest  after  caisson  work,  he  gets  a 
strange  malady  called   by  the  men  "  bend."     It 


is  a  species  of  paralysis  \\  Inch   often  terminates 
fatally. 

FOUNDATIONS    IN     DEEP    WATER. 

When  the  sand  in  the  air  chamber  has  been 
removed  to  a  sulTicient  depth  and  the  bed  rock 
is  reached,  the  laying  of  the  foundation-stones 
of  the  bridge  proper  on  the  bed  of  the  river  is 
commenced. 

Though  the  depth  of  water  on  the  Xew  N'ork 
side  was  but  little,  th.it  on  the  Brooklyn  end 
was  more  than  loo  ft.  Some  parts  of  the  work 
were  carried  on  ai  a  depth  of  105  ft. — within 
15  ft.  of  the  depth  beyond  which  it  is  impossible 
for  human  beings  to  do  this  class  of  work.  At 
120  ft.  below  the  surface  there  is  a  pressure  of 
5777  "'^-  P'^''  se]uare  inch,  as  against  a  normal 
pressure  of  15  lbs.  per  square  inch,  and  at  this 
great  depth  it  is  fatal  to  stay  for  more  than  live 
minutes. 

STRENGTH,    MATERIALS,    AND    DIMENSIONS. 

The  new  bridge  will  be  four  times  as  strong 
as  Brooklyn  Bridge,  and  yet  the  material  in  the 
old  bridge  is  far  more  massive.     The  weight  on 
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the  towei-  foundations  of  the  Brooklyn  Bridge 
is  100,000  tons,  while  that  on  the  foundations  of 
the  new  bridge  is  but  30,000  tons.  The  differ- 
ence is  owing  to  the  use  of  steel  for  the  towers 
of  the  new  bridge,  as  already  mentioned. 

The  width  of  the  bridge  will  be  118  ft.— 33  ft. 
wider  than  Brooklyn  Bridge.  It  will  carry  six 
railway  tracks,  as  against  four  of  the  old  bridge, 
and  there  will  be  two  wide  roadways. 

The  enormous  gain   in    strength  of  the  new 


bridge  over  the  old  is  due  to  the  fact  that  the 
cables  of  the  former  are  to  be  used  solely  for 
supporting  the  span  which  depends  over  the 
river.  In  the  Brooklyn  Bridge,  however,  the 
cables  supjiort  both  the  land  spans  and  river 
spans.  The  shore,  or  land,  spans  of  the  new 
bridge  are  supported  partly  by  the  anchorage 
and  partly  by  intermediate  towers,  placed 
between  the  anchorages  and  towers  of  the 
suspension  portion  of  the  bridge. 
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All  the  cables  will  have  to  do  in  the  new 
bridge  will  be  to  support  the  i,6oo-ft.  span 
which  stretches  across  the  river  at  an  elevation 
of  135  ft. — at  its  lowest  point — above  the  surface 
of  the  water.  This  height  will  only  be  attained 
at  the  central  point  of  the  bridge,  however,  the 
whole  suspension  portion  of  the  bridge  forming 
a  graceful,  though  gentle,  arc.  At  the  land  end 
of  the  suspension  on  each  side  of  the  river  the 
height  will  be  only  1 17  ft. 

The  steel  towers  of  the  new  bridge  are  333  ft. 
high.  The  towers  and  land  spans  required 
12,000  tons  of  steel  in  their  building.  Each 
tower,  taken  separately,  weighs  3,000  tons. 

GENERAL     FEATURES. 

The  bridge  itself  will  consist  of  four  calilcs, 
with    two    trusses.      Each    cable    will    have    37 


strands,  eacli  strand  consisting  (if  jSi  wires. 
This  will  make  10,3117  wires  to  each  cable.  The 
diameter  of  each  cible  will  be  iSjin.  The 
wire  in  the  bridge  will  have  a  tensile  strength 
of  200,000  lbs.  per  square  inch.  These  wires 
will  have  to  bear  the  weight  of  the  bridge 
pr(i|x-r,  which  will  exert  a  pull  of  20,000  tons  on 
the  wires.  .Ml  of  this  weight  will  be  borne  by 
the  anchorages  on  each  side  of  the  immense 
structure.  These  anchorages  are  made  of 
massive  blucks  of  stone,  each  anchorage  con- 
taining 45.000  cubic  yards  of  material.  In  the 
entire  bridge,  when  completed,  there  will  have 
been  used  6,500,000  ft.  of  timber,  130,000  cubic 
yards  of  masonry,  and  45,000  tons  of  steel.  The 
work  will  necessitate  excavation  of  125,000 
cubic  yards  of  material,  and  the  destruction  of 
nrore  than  500  buildings. 
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ON    THE    CENTRE    OK    THE    FOOT-IIRIUGE  — A    PERILOUS    POST. 


The  new  bridge  is  one-sixth  lon,L;er  than  the 
Brooklyn  Bridge,  and  its  average  width  is  40 
per  cent,  greater  than  the  older  structure.  In  its 
great  breadth  of  118  ft.  it  will  accommodate 
two  carriage-ways,  each  20  ft.  wide.  In  addition, 
there  will  be  two  lines  for  elevated  railway 
trains  and  four  tracks  for  surface  cars,  all  of 
which  will  be  run  by  electricity.  Two  foot- 
walks,  each  12  ft.  wide,  and  two  bicycle  paths, 
each  7  ft.  wide,  will  occupy  a  place  just  above 
the  electric  surface  car  tracks. 

Five  hundred  men  have  been  kept  constantly 
employed  on  the  New  East  River  Bridge 
almost  since  the  day  the  work  began.  This 
figure  refers  to  men  actually  employed  in  the 
work ;  not  to  that  large  additional  number 
working  in  the  various  steel  mills  turning  out 
portions  of  the  super-structure. 

Now    that    the    foundations,  supports,    land 


spans,  steel  towers,  and  anchorages  are  finished, 
the  work  of  the  men  is  centred  on  the  con- 
struction of  an  elaborate  foot-bridge. 

The  foot-bridge  in  question  has  taken  three 
months  to  build,  and  has  cost  about  ^"40,000. 
It  is  only  temporary  ;  its  object  is  to  afford  the 
men  a  foothold  while  engaged  in  the  process 
technically  called  "  cable  making." 

The  foot-bridge  consists  of  twelve  2}-in. 
cables,  arranged  in  four  groups  of  three  each. 
Each  cable  is  about  4,000  ft.  long,  and  stretches 
from  the  anchorage  on  one  side  of  the  river  to 
that  on  the  other. 

The  process  of  throwing  even  these  small 
cables  for  the  foot-bridge  from  tower  to  tower 
was  by  no  means  an  easy  task.  There  is  so 
much  traffic  on  the  East  River,  New  York,  that 
the  work  of  stretching  the  first  set  of  cables  had 
to  be  done  with  great  rajiidity.     As  a  matter  of 
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fact,  it  was  accompli^lied  in  something  inuler 
twenty  minutes.  There  were  several  huge  bets 
lost  in  \ew  York  on  the  day  the  cables  were 
stretched,  many  believing  the  work  would  take 
at  least  half  a  dav. 

MOW    THE    FIRST    CABLE    WAS    STRETCHED. 

On  the  morning  set  for  the  stretcliing  o\  the 
first  cable  between  the  towers — April  nth, 
1901 — a  large  barge  was  towed  to  the  base  of 
one  of  the  steel  towers.  On  this  b;u-gc  was  a 
reel  containing  ihe  cable.  One  end  of  the 
cable  was  hitched  to  a  wire  rope  and  hauled 
up  over  the  steel  tower.  It  w.is  then  passed 
back  to  the  anchorage,  where  it  was  made  fast. 
A  tug-boat  then  pulled  the  barge  out  across 
the  river.  As  the  barge  passed  away  from  the 
tower,  the  reel  with  the  cable  unwound.  The 
wire  was  allowed  to  sink  to  the  bottom  of  the 
river.  This  prevented  the  cable  from  interfering 
with  river  traffic.  The  cable  rested  on  the 
bottom  of  the  river  until  the  engineers  were 
ready  to  haul  the  end  of  it  up  to  the  tower  on 
the  side  of  the  river  opposite  to  that  on  which 
the  first  end  had  been  made  fast. 

The  fom-  cables  were  all  hauled  up  in  this 
manner.  The  foot-bridge  subsequently  built 
was  put  up  through  the  agency  of  a  number  of 
travelling  platforms,  called  "  buggies,"  which 
hung  down  from  the  cables.  Men  on  these 
"  buggies  "  laid  the  planking  of  the  foot-bridge. 
The  "  buggies  "'  moved  along  each  day  as  the 
work  progressed. 

When  the  foot-bridge  is  completed,  the 
making  of  the  cables  proper  begins.  Guide 
wires  are  first  laid  between  the  towers,  so  that 
the  workmen  can  tell  just  how  much  the  big 
cable  should  "  sag,"  or  drop  down,  in  the 
middle. 

The  ni.iin  cables  will  be  made  up  of  8,000 
miles  of  fine  wire.  This  wire  will  be  woimd 
back  and  forth  across  the  river,  just  as  a  skein 
of  thread  is  wound  between  the  two  hands.  As 
has  been  said,  the  cables  will  be  divided  into 
strands,  each  strand  having  2S1  wires,  each 
cable  having  37  strands.      Each   wire    making 


up  the  cables  is  carried  over  the  towers,  resting 
on  great  saddles,  one  saddle  being  on  the  top  of 
each  tower.  As  each  strand  of  281  wires  is  made 
up,  it  is  held  together  by  temporary  steel  bands, 
)iut  on  tiie  cables  at  certain  distances  along 
then'  entile  length.  On  the  making  up  of  the 
complete  cable  of  10,397  wires,  the  temjiorary 
steel  bands  are  removed  and  permanent  bands 
are  ]int  in  their  place.  These  bands  are  of  cast 
steel,  and  will  encircle  the  entire  cable.  From 
them  will  hang  down  wiie  ropes,  or 
"suspenders,"  which  will  hold  up  the  lloor 
beams  of  the  bridge  proper. 

Alter  .'ill  the  bands  have  been  put  on  the 
cable,  the  l.itter  will  be  covered  by  steel  shields, 
each  siiield  overlapping  the  other  in  such  a  way 
as  to  shed  water.  It  is  noteworthy  that  all  the 
wires  in  the  four  cables  will  form  one  con- 
tiiHious  coil.  Each  coil  will  rim  out  about 
64,000  feet  before  it  will  be  necessary  to  join 
another  coil  to  it.  While  each  strand  is  being 
made  up,  it  will  rest  in  a  temporary  saddle. 
When  tiie  cable  is  complete,  it  will  be  taken 
from  this  saddle  and  dropped  into  place.  Thus, 
the  cables  will  at  I'lrst  be  somewhat  iiiglu-r  than 
their  iinal  actual  position. 

THE     ANCHORAGES. 

The  ends  of  the  cables  will  pass  into  great 
bars  called  "  eyebars  " — each  having  a  loop  in 
its  (iuter  end.  These  eyebars  are  deeply  em- 
bedded in  the  masonry,  there  being  twenty 
bars  to  each  anchorage  on  either  side  of  the 
river. 

Each  evebar  is  composed  of  steel,  and  the 
bars  are  arranged  in  sets.  There  will  be  four 
eyebars  to  every  three  strands. 

Actu.il  cable  making  on  the  great  bridge  has 
begun,  and,  as  has  been  said,  the  structure  will 
be  conijileled  in  about  two  years.  The  chief 
engineer  is  Mr.  L.  L.  Buck,  who  worked  with 
Mr.  Roebling  on  the  Brooklyn  Bridge  and  also 
built  the  famous  suspension  bridge  across 
Niagara  Falls.  The  bridge  will,  on  completion, 
be  a  veritable  triumph  of  twentieth-century 
eiitrineering. 
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THE  principal  recent  geared  feeds 
illustrated  in  this  article  are 
of  special  interest  at  the  present 
time,  because  the  trend  is  unmis- 
takably in  the  direction  of  the 
substitution  of  these  for  belt  feeds. 
But  two  years  ago  they  were  still 
retained  by  the  leading  manufac- 
turers; now  they  are  no  longer  in 
evidence  in  their  practice.  One 
cannot  wholly  attribute  this  change 
to  mere  fad  or  fashion,  though  the 
belt  system  is  still  retained  in  many 
good  machines.  It  must  be  recog- 
nised as  one  result  of  the  present 
demand  for  the  heavier  duty  required 
from  milling  machines,  in  common 
with  other  tools,  sucli  as  latiies, 
grinders,  planing  machines,  gear 
cutters,  etc. 

In  the  milling  machine  there  is 
one  case  particularly  for  which  the 
powerful  geared  feeds  are  eminently 
suitable,  namely,  the  feeding  ot 
heavy  work  vertically.  The  eleva- 
tion of  a  heavy  table  with  a  massive 
piece  of  work  upon  it  makes  severe 
demands  upon  the  feed,  which  is 
better  met  by  toothed  wheels  than 
by  belting,  unless  the  latter  is  of 
good  width,  and  taut. 


FIG.    4.       REAR   VIEW    OK    LOWER    GE.AR    BOX   OF    CIXCIXNWTI 
M\lHIXKS,    with    cover    REMOVED. 
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boxes  ;  one  at  the  rear  end  of  the 
spindle  (lig.  i)  shown  in  section  in 
iig.  2,  the  other  below,  at  the  rear 
of  the  colnmn  (ligs.  3  and  4),  the 
two  being  connected  by  a  vertical 
telescopic  shaft.  In  Iig.  4  the  covers 
by  which  the  wheels  are  enclosed 
in  the  box  are  removed  to  show 
the  internal  arrangements.  For 
every  spindle  speed,  two  speeds  are 
imparted  to  this  shaft  by  the  sliding 
gears  A,  in  the  upper  box  (fig.  2), 
by  means  of  the  lever  seen  in  iig.  i. 
Two  feed  gears  in  the  lower  box  are 
thus  driven  in  the  lirst  place.  These 
are  the  upper  ones  in  lig.  4.  Each 
one  is  in  permanent  engagement 
with  a  wheel  on  one  of  two  nests  of 
cone  spur  gears — the  lower  wheels 
in  the  box  (fig.  4)  mounted  loosely 
on  their  shaft,  and  independent  of 
one  another.  The  larger  of  the  two 
upper  gears  engages  with  the  smallest 
wheel  on  the  right-hand  cones,  the 
smaller  meshes  with  the  largest 
wheel  on  the  left-hand  cone,  so  that 
these" run  at  widely  different  rates. 

The  means  by  which  varying 
r.ites  are  transmitted  thence  to  the 
machine  slides  are  by  the  interme- 
diate sliding  gear  in  tig.  4 — the  one 
which  stands  out    to    the  front,  on 


I'lG.    1. 


UPPER    fllCAU    HOX    OF    CIXLIXNATI    MACHIXKS,    Willi 
COVF.K    Rl'.MOVED   FKOM    MITKF    OKAKS. 


THE   FEED    ARRANGEMENTS     OF    THE     NEW 
CINCINNATI    MACHINES. 

The  Cincinnati  Milling  .Machine  Com- 
pany now  derive  the  feeds  from  the 
spindle,  on  their  back  geared  machines, 
in  place  of  the  belt  cones  previously 
used.  The  positive  feeds  can  be 
changed  by  simple  lever  movements 
while  the  machine  is  running.  From 
twelve  to  sixteen  changes  are  thus 
obtainable  on  different  machines.  The 
illustrations  (ligs.  i  to  4)  will  render  the 
method  of  operation  apparent. 

The    gears     are    contained    in    two 
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its  own  separate  spindle.  Tliis  is  moved  along 
its  shaft  and  brought  into  engagement  with 
either  wheel  on  the  series  of  cones.  It  is 
moved  longitudinally  by  the  rack  and  sector 
seen  below.  The  lower  lever  is  placed  in 
position  opposite  figures  marked  on  the  quad- 
rant (lig.  3),  which  indicate  the  rate  of  feed  in 
thousandths  of  an  inch  per  revolution  of  the 
spuidlc.  The  intermediate  wheel  is  now 
brought  into   engagement  by  the    uppei'   lever 


THE  GEAR  BOX  OF  THE  NEW  BROWN  AND 
SHARPE  MACHINES. 

The  latest  Brown  and  Sharpe  feed  is  also  an 
interesting  one.  One  of  the  machines  to  whicli 
it  is  applied  was  illustrated  in  fig.  3  in  the 
August  issue,  and  that,  with  the  sectional  view 
(fig.  5)  here  given,  and  description,  will  render 
its  essential  features  clear.  In  this  case  also 
the  feeds  are  derived  from  the  spindle  speeds. 
Sprocket  wheels   and  a  pitch  chain  are  used, 


EXTEK.XAL    VIEW   OV    LOWER    FEED    UOX    OX    XEW 
CIXCINN.WI    MACHIXES. 


(fig.  3),  which  moves  the  mechanism  bodily.  A 
helical  groove  in  the  hub  of  the  lever  engages 
a  pin  in  the  slide  which  carries  the  intermediate 
.gear  and  the  sector  rack  and  lower  lever. 
The  gears  are  of  steel,  cut,  and  the  bearings  of 
bronze. 

The  driving  cone  and  back  .gears  are  so  pro- 
portioned that  each  of  the  sixteen  spindle 
speeds  is  correct  for  the  most  suitable  surface 
sj'jeecl  for  cutters  of  standard  diameters,  when 
working  at  speeds  of  jo,  40,  and  (>o  ft.  per 
minute. 


driving  from  the  spindle  to  the  change  gear 
box  at  the  side  of  the  pillar,  A  (fig.  5)  being  the 
driven  sprocket.  This  rotates  the  shaft,  B,  on 
which  are  two  wheels,  C,  D ;  C  running  on  the 
shaft  with  a  long  boss,  and  D  running  on  the 
boss  of  C.  These  are  actuated  by  the  clutches, 
CI  and  b,  by  the  movement  of  a  lever  outside 
the  box,  the  range  of  movement  of  the  clutch 
being  arrested  in  each  direction  by  a  knob. 
When  gear  C  is  in  operation  a  slow  series  of 
feeds  is  thrown  in  ;  with  gear  D,  a  series  of 
quick  ones.     Either  movement   is    transmitted 
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through  an  intermediate  shaft,  E,  to  the  loose 
wheels  on  the  feed  shaft,  E,  which  transmits 
power  to  the  table  through  a  telescopic  shaft. 
The  two  sets  of  gears,  c  and  cl,  are  keyed  upon 
E.  The  loose  wheels  on  F  have  long  hubs 
running  one  upon  another,  except  those  at  the 
extreme  ends,  which  go  directly  upon  the 
shaft.  These  wheels  are  engaged  by  a  series  of 
six  locking  jiins,  two  of  which  are  shown  at  e 
and  /",  and  which  enter  recesses  in  the  hubs  of 
the  gears.  An  index  disc,  .^,  controls  the  posi- 
tion of  these  pins.  It  turns  on  the  disc,  //,  and 
carries  a  cam  for  actuating  levers  that  are 
fastened  to  the  ends  of  small  pinions  that  engage 
with  rack  teeth  cut  in  the  locking  pins — details 
not   shown  in   this   figure.     The  pinion  levers 


drop  inU)  a  recess  in  tlie  index  disc,  and,  as 
there  is  but  one  recess,  only  one  feed  can  be 
engaged  at  one  time. 

THE    GEAR    FEEDS    OF    THE    GARVIN     MACHINES. 

The  latest  machines  by  the  Garvin  Machine 
Company,  for  whom  Messrs.  C.  \V.  Hurton, 
Grifliths  and  Co.,  of  London,  are  the 
English  agents,  differ  in  several  details  from 
common  types.  There  is  no  telescopic  shaft, 
but  movement  is  communicated  to  a  vertical 
feet!  shaft  situated  within  the  column.  The 
feed  is  chain  operated,  and  derived  from  a 
sprocket  wheel  on  the  rear  end  of  the  spindle. 
Slack  is  taken  up  by  moving  the  feed  box 
bodilv    vertically,    with    an    adjusting    screw. 
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FIG.    6.      CIRCULAR    MILLING    JIACHINE. 


Xine  changes  of  feed  are  obtainable  directly  by 
cones  of  gears  in  the  box,  and  nine  more  by 
transposing  the  wheel  and  pinion  on  the 
spindles  at  the  end  of  the  gear  box.  The 
eighteen  changes  thus  obtained  range  from 
7.^,,  in.  to  \  in.  for  each  revolution  of  the 
spindle.  The  change  gears  are  hardened,  and 
run  in  oil.  They  are  jiut  into  engagement  by 
means  of  index  levers  and  spring  kej-s,  and 
locked  by  a  lever  in  notched  dial  plates. 

CIRCULAR    MILLING.     THE     HOLROYD    MACHINE. 

Firms  specialize  around  standard  types  of 
maciiines,  and  in  some  cases  the  additions 
practically  constitute  a  new  type.  Thus  in  the 
machine  by  Messrs.  John  Holroyd  and  Co.,  Ltd., 


of  Milnrow,  near  Rochdale  (tig.  6),  a  horizontal 
miller  possesses  the  apparent  anomaly  of  being 
without  vertical  adjustment  either  to  the  head 
or  the  table.  The  reason  is  that  an  attachment 
is  fitted  on  the  table  to  perform  one  function 
only,  namely,  that  of  circular  milling.  This  is  a 
class  of  work  that  the  lathe  is  being  deprived 
of  by  the  milling  machine,  and  which  has  been 
performed  regularly  for  some  years  past  on 
worm  wheel  blanks.  Its  special  value  lies  in 
tooling  light  wheel  rims,  and  rings  that  would 
be  very  li'ible  to  spring  if  done  in  a  lathe. 
This  practice  is  sul'liciently  promising  to  induce 
Messrs.  Holroyd,  who  make  a  speciality  of 
milling  machine  manufacture,  to  design  the  tool 
here  illustrated  in  figs.  6  to  9.     The  photo  (fig.  6) 
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shows  a  strap  being  tooled  internally  with  a 
cutter  having  the  sectional  form  of  the  recess 
in  the  strap.  This  machine  takes  work  up  to 
14  in.  in  diameter.  The  drawings  (tigs.  7  to  9)  are 
given  to  show  details  which  are  not  apparent  in 
the  photo.  They  illustrate  a  machine  designed 
for  the  same  class  of  work  as  tig.  6,  but  larger, 
taking  diameters  up  to  24  in.  ;  besides  which 
there  are  some  little  differences  in  the  details. 
The  construction  will  be  understood  by  the  aid 
of  the  following  remarks  : — 

The  headstock  (tig.  7)  is  bolted  on  a  base, 
which  has  an  extension  in  front  of  the  head, 
coming  forwards,  ~|  siiaped  in  plan  to  carry  the 
circular  attachment.  The  headstock  is  of 
ordinary  back-geared  lathe  type,  having  a  steel 
spindle,  with  conical  necks,  and  provision  for 
taking  up  wear.  The  four-stepped  cones  and 
back  gears  give  eight  changes  of  speed.  The 
cutter  arbor  lits  with  a  tapered  shank  into  the 
spindle  nose,  and  its  outer  end  is  supported  by 
a  bracket  from  the  arm  overhead,  which  can  be 
removed   wiien    it   comes   in   tlie   way,  as   for 


internal  milling.  In  the  machine  illustrated  by 
the  photo  (fig.  6)  tiiere  is  no  overhead  arm  and 
no  support  to  the  arbor.  In  this  machine,  too, 
the  work  in  the  circular  milling  attachment  is 
rotated  from  a  single  stepped  pulley  witli 
flanges  ;  in  the  other  (figs.  8  and  9)  it  is  driven 
from  a  three-stepped  pulley,  which  can  be 
thrown  out  of  action  by  a  lever  antl  sliding 
clutch. 

Tiie  driving  is  tlirough  two  sets  of  worm- 
gear,  seen  in  the  photo  and  drawings  (ligs.  6 
and  8).  The  first  worm,  r/,  driving  wheel  b,  is 
operated  from  the  clutched  pulley-shaft.  A, 
through  a  pair  of  equal  spurs,  ci,  encased.  It 
should  be  noted  tliat  <  .  are  really  change 
wheels,  and  an  extra  pair  is  supplied  which  are 
not  equal  to  each  otiier.  In  this  way  the 
circular  feed  can  be  reduced  or  increased,  and 
nine  different  rates  of  feed  are  obtained  from 
the  three-stepped  cone  pulley.  The  second 
worm,  </,  which  is  divided  to  take  up  wear, 
is  on  the  spindle  of  the  worm-wheel,  b. 
A  slow,  powerful  drive  is  thus  obtained  to  the 
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FIG.    8. 


wheel,  B,  which  in  the  case  of  iig.  8  can  be 
varied  by  the  stepped  cone-pulleys,  C,  on 
machine  and  counter.  The  cross  adjustments 
of  the  compound  slides  are  effected  by  hand 
wheels,  but  there  is  an  automatic  trip  and  stop 
motion,  which  is  adjustable  round  the  large 
worm  wheel,  B,  to  arrest  the  rotation  at  any 
point,  and  which  operates  by  throwing  over  the 
clutch,  D.  The  manner  in  which  this  is  effected 
is  as  follows  : — ■ 

The  hand  lever,  E,  has  a  long  boss,  and  facing 
this  is  another  boss  belonging  to  a  trip  lever. 
A  long  pin,/,  connects  the  two,  so  that  when  the 
latter  is  moved  the  hand  lever  through  its  slipper 
block,  g,  throws  out  the  clutch,  D.  To  render 
the  trip  automatic  at  any  point,  a  loose  ring,  /;, 
is  fitted  against  the  face  of  the  worm  wheel,  B. 


These  details  are  seen  in  fig.  8,  but  some  of 
them  are  enlarged  for  greater  clearness  in  Fig. 
9.  The  worm  wheel,  B,  has  an  annular  groove,  /, 
to  receive  a  couple  of  locking  bolts,  by  which 
the  ring,  ;;,  can  be  secured  against  the  face  of 
the  wheel  at  any  position.  The  object  of  this  is 
to  bring  the  notch,  k,  in  the  ring  at  any  desired 
part  of  the  circle.  The  notch  receives  the  free 
end  of  the  trip  lever,  i',  which  is  pushed  into  the 
notch  on  arriving  opposite  to  it  by  a  coiled 
spring,  and  so  pulls  out  the  clutch,  D,  by 
operating  the  clutch  lever,  c,  through  the  long 
pin,  f.  The  set  screw,  /,  can  be  adjusted  to 
compensate  for  the  wear  of  the  end  of  the 
lever  in  its  contact  with  the  face  of  the  ring. 
The  position  of  the  cutter  arbor  is  indicated 
at  F. 
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VERTICAL     SPINDLE     ATTACHMENTS     TO 
HORIZONTAL     SPINDLE     MACHINES. 

Hitherto  we  have  considered  the  horizontal 
spindle  machines  only,  and  for  the  greater 
number  of  operations  which  are  performed  on 
pillar  and  knee  machines  the  horizontal  arrange- 
ment is  best.  Hut  so  many  cases  arise  in  which 
it  is  either  desirable  or  necessary  for  the 
spindle  to  be  set  vertically,  that  a  goodly 
number  of  machines  are  made  with  auxiliary 
vertical  spindles.  Several  machines,  also  of  the 
pillar  and  knee  type,  have  their  spindles  set 
permanently  in  a  vertical  position  instead  of 
horizontally. 

One  of  the  principal  advantages  which  the 
horizontal  spindle  possesses  over  the  vertical  is 
that  both  edge  and  face  cutters  can  be  used 
upon  it.     The  horizontal  arbors  for  edge  mills 


are  supported  by  the  overhanging  arms,  the 
face  mills  are  carried  only  by  the  spindle.  In 
vertical  machines,  a  few  of  those  of  large 
dimensions  excepted,  no  support  is  given  to 
edge  mills  beyond  that  afforded  by  the  spindle, 
and  this  limits  the  depth  of  work  on  which 
they  can  operate  with  heavy  cuts  without  risk 
of  chatter. 

A  vertical  spindle  attachment  is  a  most  useful 
adjunct  for  key-seating,  and  cutting  tee  slots, 
worms,  and  spiral  gears,  etc.,  when  pieces  can- 
not be  placed  at  right  angles  with  the  table. 
The  attachment  is  supported  from  the  over- 
hanging arm,  and  the  spindle  is  driven  from 
the  main  spindle,  either  by  spiral  or  bevel  gears. 
The  spindle  is  also  capable  of  being  set  at  any 
angle,  from  the  vertical  to  the  horizontal.  A 
stage  further  is  reached  when  the  attachment 
is  made  universal,  a  design  w-hich   is  added  to 
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Continental  machines    more    than    to    those  of 
American  or  EngHsh  manufacture. 

THE    NEW    CINCINNATI     VERTICAL     SPINDLE      HEAD. 

The  advantages  of  being  able  to  use  a  vertical 
or  horizontal  spindle  at  will  is  the  reason  of  the 
popularity  of  that  large  number  of  designs  in 
which  both  are  embodied,  together  with  prr)- 


in  a  new  one  by  the  Cincinnati  Milling  Machine 
Company  (fig.  ii),  and  in  the  sectional  elevation 
(fig.  10).  The  head  can  be  swivelled  in  a  vertical 
plane  through  360  deg.,  by  means  of  a  circular 
tee  groove,  A.  The  circle  bearing  the  graduations 
is  divided  into  degrees,  and  is  large,  being  Sg-  in. 
in  diameter,  which  is  an  important  feature,  be- 
cause it  brings  the  graduations   suiYiciently  far 


l-IG.  9. 


vision  for  setting  the  head  at  any  vertical  angle. 
But  if  the  volume  of  work  will  justify  the  laying 
down  of  machines  of  both  types,  then  it  is  better 
to  keep  them  distinct.  If  not,  the  next  thing  is 
to  see  that  rigidity  and  accuracy  are  not  sacri- 
ficed in  order  to  gain  the  convenience  of  two- 
spindle  machines.  An  illustration  of  what  a 
combination  head  of  this  kind  should  be,  is  seen 


apart  to  read  clearly.  Four  J-in.  bolts  secure  the 
head  in  place.  The  body  swivels  in  a  bracket, 
B,  that  is  clamped  on  the  overhead  arm,  C, 
which  steadies  the  overhanging  portion  that 
carries  the  vertical  spindle.  When  there  is 
occasion  to  change  cutters,  while  the  work  is 
on  the  machine,  the  head  can  be  swung  at 
an  angle,  and  the  operator  has  all  the  room  he 
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FIG.    II.      VERTICAL    SPINDLE    ATTACHMENT    I!Y  THE   CIXCIXXATI     MILLING 

MACHINE   CO. 


requires  for  making  the  change.  This  obviates 
the  awkward  position  which  often  arises  from 
a  lack  of  room  for  changing  cutters  on  the 
usual  rigid  vertical  spindle  miller. 

The  spindle,  D,  is  tapered  at  its  lower  end, 
and  runs  in  a  babbitted  bearing.  It  is  adjusted 
to  this  bearing  by  means  of  the  lock  nut  on  its 
upper  end.  The  upper  box  is  of  bronze,  and 
tapered  on  its  outside.  It  is  adjusted  to  this 
end  of  the  spindle  by  means  of  the  lock  nut,  a, 
on  the  box.  This  method  of  adjustment  is 
similar  to  that  used  on  the  horizontal  spindle  of 
the  machine.  Particular  notice  should  be  taken 
of  the  method  of  securing  the  cutter  shanks  in 
the  spindle.  These  shanks  are  shaped  in  the 
form  of  a  clutch,  which  matches  another  on  the 
spindle.     This  takes  the  place  of  the  usual  tang 


on  the  end  of  shanks.  In  this  case  the  ends  of 
the  shanks  are  tapped  i  in.  to  fit  the  bolt  shown 
at  E,  and  by  which  they  are  firmly  secured. 
The  bolt  is  provided  with  a  shoulder  near  its 
head  so  that  it  can  be  used  for  backing  a  shank 
out  as  well  as  for  drawing  it  in.  The  end  of 
the  spindle  is  threaded  on  the  outside  the  same 
as  the  end  of  the  horizontal  spindle  of  the 
machine,  and  both  spindles  have  the  same  size 
taper  hole,  so  that  all  tools  are  interchangeable 
between  the  two  spindles.  With  this  attachment 
the  horizontal  spindle  miller  is  readily  con- 
verted into  a  vertical  s]iindle  machine,  capable 
of  doing  heavy  work,  thus  embodying  in 
one  machine  the  advantages  of  both.  It 
will  work  a  6-in.  diameter  face  mill  in  cast 
iron. 
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MONTHLY    NOTES   ON    NAVAL    PROGRESS    IN    CONSTRUCTION    AND   ARMAMENT. 

BV 

N.  I.  D. 


A  SURVEY  of  recent  works  in  the  British 
dockyards  does  not  reveal  any  great 
acceleration  of  pace  in  construction.  The 
Snflolk  is  still  slowly  making  headway  at  Ports- 
mouth, where  the  Kcnl  was  greatly  delayed,  and 
within  two  years  and  a-half  only  two  armoured 
cruisers  have  been  laid  down.  There  appears 
to  have  been  a  great  deal  of  wasted  labour, 
and  it  would  seem  that  a  sounder  system  was 
required.  A  better  state  of  things  may  follow  the 
appointment  of  the  new  Admiral  Superintendent, 
and  the  building  slips  should  soon  be  provided 
with  other  work.  The  Queen  and  King 
Edward  VII.  are  going  on  steadily,  but  in  a 
rather  leisurely  fashion  at  Devonport.  Much 
progress  has  been  made  at  Chatham,  and  it  is 
hoped  that,  with  the  completion  of  the  new 
jetty  at  Pembroke,  work  will  be  conducted  more 
rapidly  and  economically  at  the  latter  port. 
There  appears  to  be  no  doubt  that  the  new  light 
thrown  upon  the  value  of  the  "Johnson  cap" 
is  leading  to  some  revision  of  plans,  and  that 
construction  may  be  somewhat  retarded  in 
consequence. 

The  past  month  has  been  a  quiet  one.  The 
battleship  Venerable  has  been  under  trial,  and  is 
to  be  commissioned  for  the  Mediterranean  this 
month.  The  Monla^lit  has  also  been  under- 
going steam  trials,  and  in  the  four-lifths  power 
trial  attained  a  speed  of  178  knots  as  the  mean 
of  four  hours,  with  coal  consumption  of  178  His. 
per  i.h.p.  per  hour.  She  was  in  an  advanced 
state,  and  the  guns  for  the  secondary  batteries 
had   been  taken   in   from  the  Naval  Ordnance 


Depot.  The  armour  belt  of  Krupp  steel  in  the 
class  extends  for  290  ft.  of  the  length,  with  a 
thickness  varying  from  3  in.  at  the  bow'  to  7  in. 
amidsliips.  The  barbettes  are  protected  by 
ii-in.  plates,  while  the  casemates  are  of  6-in. 
armour.  The  thickest  armour,  12  in.,  is  that 
which  protects  tlie  conning  tower.  Reference 
was  made  in  the  ,\ugust  number  to  those  ships 
of  this  class  which  had  already  completed  their 
trials.  The  Montagu  has  been  promised  by  the 
oflicials  at  Devonport  Dockyard  approximately 
for  March  of  next  year.  She  is  to  pass  through 
a  special  series  of  trials  additional  to  the  ordi- 
nary steam  trials,  to  test  her  steering  capabilities 
under  various  conditions  of  helm  at  particular 
speeds,  including  engine-reversing  experiments. 

The  battleship  Queen  will  be  completed  in 
March,  1904,  and  the  A';)/.<,'  Edward  VII.  a  year 
later.  The  latter  vessel,  it  is  estimated,  will 
have  cost  _^-i, 500,000  by  the  time  she  is  com- 
pleted. 

Of  the  armoured  cruisers,  the  Hague  is  now 
completed,  and  will  be  a  valuable  addition  to 
the  Mediterranean  Fleet.  The  Bedford  failed 
to  realise  the  estimated  speed  on  her  steam 
trials,  and  will  be  fitted  with  propellers  having 
a  larger  blade  area,  a  change  calculated  to 
increase  the  speed  by  at  least  half  a  knot.  It 
is  currently  reported  that  other  ships  of  the 
same  class  which  are  under  construction  have 
li.id  ;i  similar  change  made. 

The  armoured  cruiser  King  .lltred,  built, 
engined,  and  armed  by  Messrs.  Vickers,  Sons 
and  Maxim,  Ltd.,  has  concluded  her  thirty  and 
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eight  hours'  steam  trials.  Her  mean  draii,t;bt  is 
26  ft.,  but  on  her  trials  she  was  below  her 
stipulated  load.  The  revolutions  on  the  one- 
tifth  power  trial  were  70  starboard  and  705 
port,  with  a  vacuum  of  i"]'!  starboard  ;uid  26-4 
port.  The  collective  i.h.p.  was  6,395,  ''"'^l  ^'^s 
coal  consumption  176  lbs.  per  unit  of  power 
per  hour.  The  speed  realised  was  IS'167  knots- 
On  the  four-fifths  power  trial  the  revolutions 
were  io6-6  starboard  and  io6-8  port,  with  a 
starboard  vacuum  of  264  and  a  port  of  26  in. 
The  i.h.p.  was  11,316  starboard  and  11,289  po't> 
L;iviu.i4  a  collective  of  22,605.  The  coal  con- 
sumption was  182  lbs.  per  unit  of  power  per 
hour,  and  the  speed  realised  was  21 -597  knots. 
On  her  full  power  trials  the  King  Alfred  proved 
herself  the  fastest  ship  in  the  British  Navy, 
excluding,  of  course,  torpedo  craft.  Her  mean 
speed  on  several  runs  over  the  Cheshil  Beach 
course  was  23'465  knots,  as  compared  with  the 
23'23  knots  of  the  Leviathan,  her  sister  ship. 
The  coal  consumption  was  also  remarkable,  for, 
having  established  the  fact  that  she  could  steam 
from  Portsmouth  to  Melbourne  at  15  knots 
w'ithout  recoaling,  the /v7;;^/i//;'t'rf's  consumption 
on  her  full  power  trial  worked  out  at  i\Si  lbs. 
per  unit  of  power  per  hour,  or  o'i3  lbs.  less 
than  that  of  the  Leviathan.  The  starboard 
engine  running  at  118  revolutions  developed 
15,170  h.p.  with  a  vacuum  of  26'6  in.,  and  the 
port  engine  with  ii9'6  revolutions  and  15,723 
h.p.  had  a  vacuum  of  25'5  in.  The  water  ex- 
pended during  the  trial  was  only  39  tons. 

There  have  been  doubts  as  to  the  stability 
of  the  Essc.v  class.  Successive  orders  have 
been  received  at  Pembroke  to  reduce  the  top 
weights,  and  the  funnels  have  been  cut  down. 
Another  vessel  of  the  improved  "  County  "  class 
is  e.xpected  to  be  put  in  hand  at  the  same  yard, 
but  it  is  believed  that  new  views  in  regard  to 
the  defensive  power  of  armour,  due  to  the 
recent  trials  of  the  "  Johnson  "  cap,  have  caused 
the  plans  to  be  delayed.  The  Devonshire,  of  this 
class,  was  laid  down  at  Chatham  on  March  25th, 
and  now  two  others  have  been  ordered — the 
Hampshire,  of  Messrs.  Armstrong,  Whitworth 
and  Co.,  at  Elswick,  and  the  Roxburgh,  of  the 
London  and  (ilasgow  Company.  The  Antrim, 
Aigyle,  and  Carnarvon  will  complete  the  si.x 
vessels  of  the  class  to  be  laid  down  according  to 


the  programme  of  1901-2.  Two  others  arc  pro- 
jected for  1902-3. 

The  Niger,  torpedo-gunboat,  has  made  satis- 
factorily progressive  trials  preparatory  to 
acceptance  of  her  new  Reed  water-tube  boilers 
from  the  Palmer  Shipbuilding  Company.  On 
the  three  hours'  trial,  with  6,282  i.li.p.,  the 
speed  was  20'5  knots.  On  the  live  mile  trial  the 
highest  mean  speed  with  and  against  tide  was 
207  knots.  The  whole  of  the  speed  trials  were 
perfectly  satisfactory,  and  were  followed  by 
successful  circle-turning  trials. 

Several  destroyers  have  been  ordered  : 
Eden  (Parsons'  Turbine  Company),  Denvent 
(Messrs.  Hawthorn,  Leslie  and  Co.),  Ettrick,  Exc, 
Fovle,  and  lichen  (Messrs.  Palmer  and  Co.), 
Ribble,  Teviot,  and  Usk  (Messrs.  Yarrow). 


The  battleship  Republiqite  has  been  launched 
at  Brest,  and  is  a  sister  of  the  Patrie.  which  is 
in  hand  at  La  Seyne.  She  is  the  largest  vessel 
ever  built  in  a  French  yard,  and  is  the  first  to 
take  the  water  of  the  five  battleships  included 
in  the  programme  of  M.  de  Lanessan,  late 
Minister  of  Marine,  the  jtrogress  of  which, 
however,  appears  to  be  greatly  jeopardised 
owing  to  the  new  policy  which  his  successor 
is  endeavouring  to  inaugurate.  The  displace- 
ment of  the  Reptibliqne  is  14,865  tons,  and  she 
is  434  ft.  10  in.  long,  with  79  ft.  7  in.  beam.  The 
protection  is  assured  by  a  water-line  belt  of 
Harvey  steel,  having  a  maximum  thickness  of 
nearly  12  in.,  while  the  bows  of  the  ship  are  to 
be  completely  enveloped  by  3-in.  steel.  The 
armoured  deck  is  2  in.  thick  on  the  flat  and 
nearly  3  in.  on  the  slopes,  which  reach  down 
below  the  water  level.  There  is  also  a  splinter- 
proof  deck  of  thin  steel  placed  horizontally. 
The  armament  will  comprise  four  12-in.  guns, 
coupled  in  tuirets  plated  with  12  in.  of  steel, 
eighteen  6-4-111.,  of  which  twelve  will  be  in 
lateral  turrets  protected  by^.y-in.  steel,  twenty- 
si.x  i'8-in.  guns,  two  smaller,  and  live  torpedo 
tubes.  Tlie  speed  is  intended  to  be  18  knots 
without  forced  draught,  and  the  range  will  be 
4,000  miles  at  10  knots,  with  normal  coal  supply. 
The  ship  has  been  designed  by  M.  Bertiu,  who 
proposed  to  give  the  maximum  of  protection 
possible,  and  to  place  below  the  armoured  deck 
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and  beliind  the  side  arnioiir  all  tlie  vital  parts 
of  the  vessel.  The  turret  system  for  the 
secondary  guns,  long  since  adopted  by  the 
French,  and  carried  out  to  a  large  extent  in  the 
new  vessels,  has  now  been  introduced  in  British 
ships  of  the  Kiiii^--  luhvnni  VU.  class. 

In  a  recent  return  published  by  the  British 
.Admiralty  of  the  navies  of  the  seven  great  naval 
Powers,  some  interesting  facts  were  given  con- 
cerning the  French  Navy.  Our  neighbours 
have  follow-ed  our  example  in  putting  old  vessels 
on  the  effective  list  with  the  new,  but  with  a 
difference.  Whereas  on  the  Admiralty  books 
vessels  armed  with  muzzle-loaders  are  still 
looked  upon  as  effective  for  coast  defence,  not 
one  French  vessel  has  a  muzzle-loader  on  board. 
Built  and  building,  France  has  35  battleships, 
or  half  as  many  as  Great  Britain,  and  she 
possesses  45  cruisers  already  built,  and  has  17 
building,  as  compared  with  our  130  completed 
and  30  or  more  building.  There  are  also  jjy 
t(M-pcdo  boats,  31  destroyers,  and  15  gunboats 
built  and  building  on  the  French  list,  as  com- 
pared with  100,  113,  and  35  of  each  class 
respectively  for  England. 

The  armoured  cruiser  yiilcs  Ferry  (12,416 
tons)  is  expected  to  be  launched  at  Cherbourg 
about  March,  1903.  Her  contract  i.h.p.  is 
27,500,  expected  to  give  her  a  speed  of  22  knots. 
Her  engines,  which  are  being  made  at  Indret, 
will  consist  of  three  sets  of  triple-expansions, 
with  water-tube  boilers.  The  Disnix,  whicli 
has  been  built  by  contract  at  St.  Xazaire,  will 
complete  her  trials  at  Cherbourg  instead  of  at 
Brest,  owing  to  the  immense  pressure  of  work 
at  the  latter  port. 

The  battleshiji  Sutjrcn  has  just  satisfactorily 
accomplished  her  full  power  trials.  There  is  in 
her  an  absence  of  heavy  superstructures  which 
have  been  so  marked  in  some  of  her  prede- 
cessors, and  she  shows  many  signs  of  a  tendency 
on  the  part  of  her  designer  to  base  his  plans 
on  the  lines  of  Sir  William  White's  vessels. 
She  has  two  main  and  six  secondary  turrets. 
She  carries  sullicient  coal  for  7,000  miles  at 
10  knots,  and  the  speed  is  18  knots.  She  is 
lifted  with  Niclausse  boilers. 

The  armoured  cruiser  Marseillaise  is  rapidly 
ajiproaching  completion  at  Brest.  She  was 
only  launched  two  years  ago,  so  that  work  on 


her  has  been  fairly  rapid.  She  has  all  her  guns 
on  board,  namely,  two  7'6-iu.  breech  loaders 
moinited  singly  in  turrets,  and  eight  6-4-in. 
quick-lirers,  two  of  w^hich  are  mounted  in  case- 
mates with  recessed  ports  on  the  lower  deck 
alt,  two  on  the  main  deck  forward,  and  four  on 
the  upper  deck,  in  separate  turrets.  Besides 
these  she  has  34  smaller  quick-lirers  and  live 
torpedo  tubes,  two  submerged  and  three  un- 
armoured  above  w.iter.  She  has  received  her 
iinal  painting  externally,  and  is  of  a  dull  black- 
along  the  w.itei'  line  and  grey  foi'  the  upper 
works. 

GERMANY. 

It  is  announced  that  the  battleship  f,  which 
Schichau  has  in  hand  at  Danzig,  being  the 
iirst  of  the  new  type  displacing  13,200  tons,  will 
probably  be  launched  before  the  close  of  the 
year,  most  likely  in  December.  The  sister 
ship,  H,  is  expected  to  take  the  water  at 
Krupp's  Germania  Yard,  Kiel,  next  February. 
The  chief  advantage  in  these  new  ships  is  that 
their  principal  armament  will  consist  of  four 
ii-in.  guns,  which  are  somewhat  loosely 
described  as  "quick-iirers."  Thev  are  the 
heaviest  armament,  as  cimipared  with  12-in. 
guns  in  other  navies,  and  it  is  claimed  for  them 
that  they  will  hre  from  one  to  two  rounds  per 
minute,  whereas  the  like  guns  in  the  I'rundcn- 
biir^  class  can  only  hre  one  round  in  two  and 
a-half  minutes.  In  relation  to  this  claim,  it  is 
worth  while  to  note  that  during  the  recent 
prize  hring  of  the  Implacable  in  the  Mediter- 
ranean, in  two  runs,  each  of  six  minutes' 
duration,  thirteen  rounds  were  hred  from  the 
12-in.  guns,  and  that  the  huge  projectiles 
reached  the  target  eleven  times.  This  aimed 
iiring  is  a  very  different  matter  from  a  mere 
record  of  rapidity  in  a  number  of  rounds. 

The  German  Government  is  adhering  con- 
sistently to  the  programme  laid  down  in  1900. 
By  that  programme  38  battleshijis  were  to  be 
built  by  the  year  1916,  and  31  of  these  are  now- 
ready  or  in  hand,  and  it  is  conlidently  expected 
that  next  year's  Budget  will  include  instalments 
for  six  others.  The  twellth  ol  the  14  large 
cruisers  planned  has  been  laid  down  this  year, 
and  the  Iirst  instalments  for  the  other  two  will 
be  asked  for  in  1903.  Progress  has  not  been  so 
rapid  with  the  38  small  cruisers,  live  only  of  w-hich 
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are  now  in  IkuuI  or  ready  ;  but  six  more  are  to 
be  laid  down  next  year. 

Tlie  coast  defence  arniourclads  of  the  Sicirfiicd 
class  are  being  improved  successively  by  being 
cut  in  two  and  lengthened  to  increase  coal 
capacity  and  ammunition  stores,  and  the 
Admiralty  propose  to  devote  _£"750,ooo  for  this 
purpose.  Of  this  sum  £^2-:„ooo  has  already 
been  voted,  and  the  remainder  will  be  in  next 
year's  Budget.  The  name-ship  of  the  class  dates 
from  1889,  and  the  most  recent  was  completed 
in  1895.  The  .li;;'"'  has  a  complete  electric 
installation  for  her  guns  and  ammunition,  and 
of  the  others  the  Htn^cii  has  already  been 
lengthened  by  J5  ft.  The  four  battleships 
of  the  liiainhnhiiri,'-  class  are  also  to  undergo 
changes,  £b2,~^oo  having  already  been  granted, 
and  the  balance  of  ;^"87,50o  will  be  asked  for 
ne.xt  year. 

Torpedo  boat  -Yd.  it)<S,  of  350  tons  dis- 
placement, has  completed  her  steam  trials  at 
Kiel,  and  has  attained  a  speed  of  296  knots. 
The  engines  gave  every  satisfaction,  and  there 
was  little  or  no  vibration.  A  division  of  si.x 
destroyers  is  to  be  constructed  by  Schichau 
at  Elbing.  They  will  displace  350  tons,  be 
provided  with  engines  of  6,000  h.p.,  and  are 
to  steam  at  28  knots.  They  will  be  numbered 
from  Si  14  to  Si  19. 

RUSSIA. 

The  Baltic  Yard  at  St.  Petersburg  is  engaged 
on  a  new  fast  cruiser,  apparently  for  use  as  a 
"  scout  despatch-boat"  for  the  Pacific  Squadron. 
It  is  believed  that  the  Governor  of  Kwang-Tung 
may  use  this  vessel  for  his  sea  voyages.  Similar 
vessels  will  be  built  for  the  other  Russian 
Squadrons  as  soon  as  this  one  is  completed, 
which  v/ill  be  before  1904.  She  will  be  of 
3,000  tons  displacement,  and  her  engines  of 
18,000  h.p.  are  to  be  able  to  develop  25  knots 
speed.  She  will  be  lightly  armed  with  quick- 
firing  guns  and  torpedo  tubes. 

The  protected  cruiser  Askohi  has  been  under- 
going a  series  of  progressive  trials,  which  have 
given  the  following  results :  with  55  revolutions 
the  speed  was  1087  knots  ;  with  70  revolutions, 
1370  knots  ;  with  85,  i6'35  knots  ;  with  100, 
i8'85  knots;  and  with  115  revolutions  she 
attained  jo'ii  knots. 


The  I>Oi,nilyi\  building  at  Stettin,  has  also 
undergone  steam  trials,  attaining  a  maximum 
speed  of  23'45  knots  w-ith  20,000  h.p.  The 
Askolcl,  laid  down  in  iSyi),  has  a  length  of 
426  ft.  6  in.  and  a  displ.icement  of  6,500  tons. 
Her  trial  speed  is  half  a  knot  better  than  was 
estimated.  The  protection  is  slight,  the  thickest 
armour,  ^  in.,  being  that  round  the  casemates, 
in  which  6-in.  guns  are  mounted.  There  are 
twelve  of  these  guns  altogether,  eight  beiiind 
shields  and  four  in  casemates,  besides  twenty- 
two  small  ginis  and  two  submerged  torpedo 
tubes.  The  Uoildlyr  is  very  similar,  her  dis- 
placement being  about  100  tons  less.  Her  speed 
also  shows  nearly  half  a  knot  improvement,  but 
the  arrangement  of  the  armament  is  somewhat 
ditterent.  Her  6-in.  guns  are  twelve  in  number, 
and  four  are  mounted  in  pairs  in  turrets  forward 
and  abaft,  four  in  casemates,  and  foiu'  in  shields 
on  the  upper  deck.  She  has  twenty- four  smaller 
guns  and  four  torpedo  tubes,  two  submerged  on 
the  broadside. 

The  Xevski    Yard  at  St.  Petersburg  is  about 
to  put   in  hand  two  protected   cruisers  of  6,000 
tons    and    22,    knots,   and   many  torpedo-boat 
destroyers  will  alsD  be  shortly  added  to  those 
alreadv    in    hand    there.     They   are    improved 
Sokoh,  and    it    is    said    will   displace    420    tons. 
The  lioiki  and   the  lirari  (350  tons)  have  lately 
attained  a  speed  of  aMittle  over  26  knots.  At  the 
same    yard  the  Rciy,  Rctivy,  Rvitiiy,   Prosorlhy, 
and   Bcztipvichni  have   been  Liunched.     Several 
destri)yers    have    also    been    put    in    hand    at 
Xikolaieff.     Experiments  have  been  made  with 
the  subm  trine  bjat  of  f^ieutenant  Kolbasielf  at 
St.  Petersburg,  and  later  Sebastopol.   No  details 
have    been    permitted    to    leak   out    as    to  the 
results.       It  is  confidently  stated    that    several 
submarines    have    been    put    in    hand    in    tiie 
Black  Sea  during  the  last  two  years,  but  extreme 
secrecy  is  maintained  in  regard  to  them,  and  no 
details  are  known. 

Work  on  various  new  vessels  at  Sebastopol 
and  Xikolaieff  is  being  pushed  on  with  what 
is  described  as  a  feverish  haste.  They  include 
a  battleship  and  a  6,0 oo-ton  cruiser. 

Lieutenant  Zhandr  has  discovered  a  new- 
composition  for  painting  the  underwater 
portions  of  vessels,  wiiich  h;is  been  tried  on 
the  ships  of  the   Black  Sea  Squadron,  on   the 
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recommendation  of  Admiral  Tvitoff,  Minister 
of  Marine,  who  is  stated  to  have  found  great 
advantages  in  the  use  of  the  composition. 
Hitherto  anti-fouling  material  has  been  mostly 
purchased  in  this  country. 

UNITED    STATES. 

The  battleship  Miiinc  has  undergone  trials 
with  satisfactory  results,  obtaining  a  maximum 
speed  of  i8'95  knots.  She  drew  2^  ft.  6  in.  and 
displaced  1:2,350  tons  during  the  runs.  The 
average  number  of  revolutions  per  minute  was 
135.  The  boilers,  of  which  there  are  24,  are  of 
the  Niclausse  type.  The  complete  armour  belt 
is  of  Krupp  steel,  7  ft.  6  in.  wide,  11  in.  thick 
above  water  between  the  turrets,  and  j],  in. 
thick  under  water,  tapering  to  4  in.  at  the  ends. 
The  bulkheads  are  of  lo-in.  and  the  turrets 
i2-in.  armour,  while  over  the  battery  there  is  a 
thinner  belt.  The  protected  deck  has  a  maxi- 
mum thickness  of  4  in.  The  total  weight  of 
the  armour  is  2,453  tons.  The  armament  con- 
sists of  four  i2-'m.  breech-loaders  mounted  in 
pairs  in  the  turrets,  six'een  6-in.  quick-hring, 
two  of  them  in  casemates  under  the  forecastle 
and  the  others  in  the  maindeck  battery,  and 
twenty-four  smaller  guns,  with  two  submerged 
torpedo  tubes,  one  on  each  bow. 

The  Navy  Department  have  invited  tenders 
for  an  additional  battleship,  authorised  by  the 
Naval  Appropriation  Bill,  and  a  sister  vessel  will 
be  built  in  the  New  York  Navy  Yard.  The 
contract  vessel  is  to  be  completed  within  forty- 
two  months.  The  length  at  the  water  line  will 
be  450  ft.  and  the  beam  76  ft.  10  in.  The  dis- 
placement on  trial  is  not  to  exceed  16,000  tons. 
The  armament  will  consist  of  four  12-in.  breech 
lo.iders,  mounted  in  pairs  in  two  electrically 
controlled  turrets,  one  forward  and  one  aft, 
each  with  a  tiring  arc  of  270  deg.  ;  eight  iS-in. 
breech  loaders,  mounted  in  pairs  in  similar 
turrets  at  the  corners  of  the  citadel  ;  twelve 
7-in.  breech  loaders  on  the  broadside,  on 
pedestals  behind  7-in.  armour  ;  the  fore  and  aft 
guns  to  lire  right  ahead  or  right  astern,  the 
others  to  have  the  usual  broadside  train.  Fifty 
smaller  guns  are  to  be  mounted  in  commanding 
positions,  having  a  large  arc  of  unobstructed 
lire.  The  principal  tmrets  are  to  have  12-in. 
plates  in  front  and  8-in.  in  the  rear,  and  the 
secondary  or  8-in.  gun   turrets   will   have  ("i-in. 


armour.  The  total  weight  of  the  armament  will 
be  945  tons,  and  591  tons  of  ammunition  will  be 
carried.  The  protection  of  the  hull  will  be 
provided  by  a  complete  belt  9  ft.  3  in.  wide,  and 
with  a  maximum  thickness  of  11  in.  for  about 
200  ft.  amidships,  beyond  which  the  thickness 
will  be  9  in.  over  the  magazine  spaces,  and  will 
decrease  to  4  in.  at  the  stem  and  the  stern. 
The  lower  casemate  armour  will  extend  in 
length  to  protect  all  the  magazines  and  vital 
parts,  and  will  rise  to  the  lower  edge  of  the  7-in. 
casemates,  being  6  in.  thick,  with  6-in.  athwart- 
ship  bulkheads  at  the  ends.  There  will  also 
be  an  upper  range  of  casemate  armour  7  in. 
thick  athwartships,  extending  from  the  shell 
plating  to  the  12  in.  barbettes.  In  regard  to 
the  speed,  it  may  be  remarked  that  the  contract 
is  18  knots,  with  i7lr  knots  as  an  absolute 
minimum,  and  the  builder  will  be  subject  to  a 
penalty  of  50,000  dols.  for  the  first  |-  knot 
deficiency,  and  twice  as  much  for  the  second. 
There  will  be  twelve  Babcock  and  Wilco.x 
boilers,  with  46.750  square  feet  heating  surface. 
The  bunker  capacity  will  be  about  2,200 
tons,  but  only  900  tons  will  be  carried  on 
trial.  It  is  particularly  deserving  of  note 
that  in  these  two  battleships  the  system 
of  superposed  gun  turrets,  adopted  in  the 
Kcaisar^e  and  Kentucky,  abandoned  in  the 
Maine  class,  and  resumed  again  in  the  Xeiv 
yersey  class,  has  once  more  been  abandoned. 
It  is  also  particularly  noteworthy  that  the 
Americans  are  introducing  eight  8-in.  turret 
guns  as  a  secondary  armament,  compared  with 
four  92-in.  in  our  latest  class,  and  twelve  7-in. 
guns  as  compared  with  our  ten  6-in.  guns  for 
the  battery.  The  result  is  that  the  American 
secondary  turret  and  battery  guns  will  throw  a 
weight  of  metal  of  3,980  lbs.,  while  our  9"2-in. 
and  6-in.  guns  will  give  only  2,520  lbs. 

A  board  of  ol'licers  presided  over  by  Lieut. - 
Commander  John  R.  Edwards  is  conducting  a 
series  of  liquid  fuel  tests,  in  relation  to  which 
Rear-Admiral  Melville  says  that  oil  can  be  used 
as  fuel  with  facility,  but  that  it  cannot  be 
employed  economically  in  the  United  States 
Navy.  He  does  not  believe  that  there  is  any 
prospect  of  liquid  fuel  replacing  coal  except 
perhaps  in  siirill  craft.  The  experiments  are 
being  continued. 


NEW    liUlWlK    OVKI;    TllK     KIM-.k    AIKI;,     M.VU    1  l.kUMil;!  1A.I„ 


This   bridge,   coiistiuck-d   bv   tlie   Clc-vtland    15rid.i;c    :ind    ICiigiiicciiii^    Company,   Ltd.,    I);iilmgtr>n,   will 
icpl.icc  the  existiiif;  tubular  "bridsje.     It  has  a  250  it.  span,  htuI   the  !,'irders   are  50  ft.  higli.      1  he  trallic  111 
the  river  necessitated  a  water  way  with  a  clear  upeiiinj;  of  do  ft.  on   the  squan 
towing  path,  involved  temporary  girdeis  50  ft.  long. 


This,  allowing  for  the 
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HYDRAL'I.IC    PRESS    FOR    STRAIGHTEXIXG    "H        GIKDKRS,    BEXT    AND    TWISTED    OUT    OF    SHAPE 

IX   C(_)AL     MIXES. 

Mr.  George  .Addy,  M.I.Mecli.E.,  of  Sheflk-ld,  has  recently  demonstrated  that,  with  his  new  hydraulic  press, 
illustrated  above,  twenty-one  bent  girders  can  be  straightened  (cold)  in  li  hours.  Formerly,  it  was 
considered  a  good  day's  work  to  straighten  twenty  girders,  necessitating  an  expenditure  of  ;J  tons  of  coal, 
and   the  services  of  lour  men.     With   this   press   three   men   only  are   required.     It  weighs  about  6  tons, 

the  diameter  of  ram  being  iS  in. 


NEW    ELECTRIC    LOCOMOTIVE. 

A  new  Electric  Storage  Battery  Lucomotive,  supplied  by  the  C.  \V.  Hunt  Company,  of  Staten  Isl.md,   \ew 
York,  for  the  "  industri.U  "  railway  installed  at  the  Works  of  the  Westinghouse  Electric  and  M,niulac(uriii,g 

Company,  at  East  Pittsburg,  Pa.,  U.S.A. 


Notes    and    News. 
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A  30-ton  pressed  steel  coal  hopper  waggon,  recently  built  lor   the   K.uid   Mines,    Ltd..   South   Africa,   b\   the 
Transportation     Development   Company,   (1,   Clement's    Lane,    Lombard    Street,  E.C.      Cauge,   3   It.   6  in. 

Weight  empty,  jiS.ioo  lbs. 


Messrs.   R.   Waygood  and  Co.,  Ltd.,  and  the 
Otis  Elevator  Company,  Ltd. 

An  impcjrtant  amalgamation,  consolidating  the  interests 
of  these  two  companies,  has  been  effected.  Mr.  H.  C. 
Walker,  chairman  and  managing  director  of  Messrs.  K. 
Way.good  and  Co.,  will  be  chairman,  and  together  with 
Mr.  K.  Percy  Sellon.  M.I.E.E.,  managing  director  of  the 
Otis  Elevator  Company,  Ltd.,  will  act  as  joint  mana.ging 
director  of  '•  Waygood  and  Otis,  Ltd." 

The  consideration  which  appears  to  have  determined 
the  directors  and  shareholders  of  both  companies  in 
favour  of  unilin.g  the  two  businesses  is  that  each  party 
is  able  to  supplement  the  other  in  important  respects,  tlie 
Waygood  Comp.any  possessing  e.\cellent  manufacturing 
facilities,  while  the  Otis  Company  controls  for  the 
British  Empire  and  Europe,  the  patents,  desi.gns.  and 
wide  experience  of  the  Otis  Elevator  Company  of  r.S..\. 
The  British  and  .American  Otis  Companies  are  quite  dis- 
tinct organisations,  possessing  only  the  name  in  common  ; 
but  the  British  company  is  not  only  the  proprietor  of  the 
American  company's  patents  in  its  territories,  but  has  the 
immense  resources  of  the  latter  at  its  back. 

Chain-Grate  Stokers. 

Messrs.  Babcock  and  Wilcox,  Ltd.,  have  just  secured 
from   the  Underground  Electric  Railways  Comp.iny  (of 


London),  Ltd  ,  at  Lots  Road,  Chelsea,  an  order  for  12S 
chain-grate  stokers,  which  are  to  be  used  in  connection 
with  sixty-four  of  their  boilers,  recently  sold  to  this  com- 
panv.  This  is  the  largest  order  for  chain-grate  stokers 
th.it  li.is  ever  been  booked  at  a  time. 

Ore  Transport  Wai^gons. 
An  order  lor  5"0  speci.il  ij-ton  waggons,  with  steel 
underfr.inies,  has  been  given  to  Messrs.  W.  R.  Renshaw 
and  Co.,  Ltd.,  by  the  North  British  RaiKvay  Company. 
These  wa,g.gons  are  to  be  used  for  carrving  iron  ore 
Irom  the  docks  to  the  various  ircjii  works,  and  to  convey 
coal  back  to  the  docks. 

Korting  Gas  Engine. 

Messrs,  Eraser  and  Chalmers  announce  that  they  have 
secured  the  manufacturin.g  rights  from  Messrs.  KiJrlin.g 
Bros.,  of  Hanover,  forthe  Kiirtin.g  (ias  En.gine,  for  use  in 
plants  connected  with  the  steel  industry,  and  that  they 
are  now  prepared  to  build  these  engines  in  sizes  up  to 
units  of  2.000  h.p. 

They  have  also  secured  the  manufacturing  rights  for 
the  Stuinpf-Riedler  system  of  blowing  engines  to  work 
in  connection  with  these  gas  engines.  One  installation 
of  a  500  h.p.  Korting  .gas  engine  is  now  in  operation  at 
Duisberg.  at  the  works  of  the  Nieder  Kheinische  Hiitte, 
and  another  of  1,000  h.p.  at  Doiinersinark  Hiitte  Works, 
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LIQL'ID    FUEL    FOR    XUT-FOKGIXG. 

In   the   works  of  Messrs.    Richard  Davis   and  Sons,  Manchester,   liquid  fuel   has  lately  been  successfully 

employed  for  heating  bars  for  bolt  and  nut  forging.     A  greater  radiation  than  that  obtainable  from  coal  or 

coke  h?.s  been  thereby  secured,  in  addition  to  a  marked  saving  in  cost.     The  bars  are  afterwards  placed  in 

the  forging  machine,  a  nut  being  made  at  every  revolution. 


in  Germany.  These  are  operating  with  blast  furnace 
gases.  A  large  order  of  twelve  2,000  h.p.  Kiirting 
engines  has  been  recently  placed  by  the  Delaware- 
Lackawanna  Steel  and  Iron  Co.,  of  Buffalo,  U.S.A. 

It  is  interesting  to  note  in  this  connection  that  the 
exhibition  of  the  Korting  system  gas  engine,  with  Stinnpf- 
Riedler  blowers,  is  one  of  the  chief  features  of  the 
■Exhibition  now  being  held  at  Diisseldorf. 

Gas  Producers,  etc. 

Messre.  W,  F.  :\Iason,  Ltd.,  of  Manchester,  have  been 
successful  in  obtaining  the  whole  of  the  contract  of  the 
Bengal  Iron  and  Steel  Company,  Ltd.,  for  gas  producers, 
connecting  tubes,  and  coal  s'aging  for  the  new  steel 
works  plant. 

Carborundum. 

A  test  of  the  various  makes  of  grinding  wheels  for 
abrasive  purposes  was  recently  made  at  the   Technical 


High  School  of  Dresden.  The  tests  were  conducted 
under  the  supervision  of  Professor  Grnbler,  of  the 
Technical  High  School,  and  were  intended  to  demon- 
strate the  operative  strength  of  difterent  makes  of  wheels 
Three  carborundum  wheels  were  furnished  for  this 
test,  and  these  wheels  broke  the  record  as  to  speed,  as 
they  were  run  at  4,340  revolutions  per  minute.  These 
wheels  were  made  by  the  vitrified  process,  and  they 
made  a  better  record  than  any  vulcanised  wheels  tested. 
Wheels  made  by  the  best  manufacturers  of  emery  wheels 
broke  at  speeds  of  2,720,  2,700,  and  2,620  revolutions  per 
minute. 


Refuse  Destructors. 

The  judges  of  the  Sanitary  Institute  have,  at  the 
E-xhibition  in  Manchester,  awarded  the  Horsfall 
Destructor  Company,  Ltd.,  the  Institute's  silver  medal  (the 
only  award)  for  their  improvements  in  refuse  destructors. 


There  is  probably  no  more  imporl.iiit  factor  ill  the  uiliciency  of  our  hrst  line  of  <lefence  than  the 
boilers  of  our  vessels  of  war.  Boilers  are  tothe  steamship  what  lungs  and  heart  are  to  the  human 
being.  I'pon  their  soundness  depends  not  only  the  nmbilily  hut  the  actual  existence  of  tile  steam 
vessel,  and  it  is  therefore  not  at  all  to  be  wondered  at  that  the  subject  of  naval  boilers  has  occupied 
during  the  past  two  or  three  years  a  position  of  the  first  importance,  not  only  in  tlie  many 
discussions  whicli  have  taken  place  in  Parliament  during  the  debates  on  Navy  Estimates,  but  also 
in  the  columns  of  the  press.  The  following  articles — unebyan  eminent  naval  engineei,  the  other 
by  a  prominent  maker  of  cylindrical  boilers — consider  the  question  "  Water-Tube  v.  Cvlindrical 
'  Boilers"  from  diametrically  opposite  points  of  view. 


WATER-TUBE   BOILERS,   FROM   A   NAVAL  POINT  OF  VIEW. 


WATER-TUBE    VERSUS    CVLINDRICAL    BOILERS. 

'  I  ■* H  E  .ulvaiiUigcs  ul  walcr-uibc  b.iilcr.->  tur  \\ ar- 
-*■  ship  service  have  met  with  such  general 
recognition  that  in  one  form  or  another  they  have 
been  introduced  into  all  the  navies  of  the  wjrld. 
There  are.  of  course,  certain  points  in  which 
the}"  may  be  inferior  to  the  older  types  of 
cylindrical  boilers  which  they  are  now  re- 
placing,  but   it  is  the    deliberate  conviction  of 


the  greater  majority  of  people  who  are  com- 
petetit  to  give  an  opinioti  on  this  all-important 
matter,  that  water-tube  boilers  have  come  to 
stay,  and  that  cylindrical  boilers  will  in  future 
occupy  a  very  inferior  position  in  all  war  vessels. 
Indeed,  it  is  probable  that  in  course  of  time  they 
will  be  altogether  abandoned. 

On    making    a    careful   comparison    between 
water-tube  and  cyliiitlrical  boilers,  we  lind  that 
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the  former  will  raise  steam  mnre  quickly 
and  maintain  it  nrore  evenly  and  at  much 
greater  pressure.  They  can  be  much  more  easily 
renewed  or  repaired,  without  having  to  lay  up 
the  shiji  or  pull  up  her  decks  for  this  purpose. 
They  are  not  so  dangerous  in  action,  and  will 
not  suffer  so  seriously  from  small  jirojectiles. 
'i'he  effect  on  the  ship's  company  will  not  be  so 
disastrous  in  the  event  of  an  explosion,  because 
they  contain  only  a  very  small  amount  of  water 
for  steam  generation.  They  are  very  much 
lighter  and  produce  more  horse-power  per  ton 
of  weight,  and  thus  enable  advantages  to  be 
secured  either  in  speed  of  vessel  or  in  liie 
amount  of  armour,  armament,  or  coal  supjily. 
They  can  be  "  forced  "  or  made  to  produce  a 
greater  quantity  of  steam  for  longer  periods, 
and  can  therefore  continue  steaming  at  higher 
powers,  and  in  this  connection  also  they  are 
assisted  by  a  larger  fire-grate  area,  which 
enables  them  to  maintain  steam  for  their  maxi- 
mum powers  with  greater  facility. 

DISTRIBUTION     OF     POWER     IN     WATER-TUBE 
BOILERS. 

The  installation  of  a  water-tube  boiler  system 
in  a  war  vessel  is  always  accompanied  by  the 
very  decided  advantage  that  the  total  power  is 
distributed  amongst  a  much   larger  number  of 


boilers  than  is  the  case  with  the  older 
system.  Thus  a  modern  cruiser,  which  would 
be  littcd  with  twelve  boilers  of  the  cylindrical 
types,  would  spread  its  power  over  about 
thirty  water-tube  boilers,  and  hence  the  total  or 
temporary  disablement  of  one  of  the  latter 
would  have  scarcely  any  appreciable  effect 
up  )n  the  speed  of  the  vessel,  whereas  if  she 
were  to  lose  one-twelfth  of  her  steam  generating 
power  by  an  accident  to  one  of  her  cylindrical 
boilers,  there  would  lie  a  very  considerable 
diminutinn  in  her  r.ite  of  progress. 

ALLEGED     DISADVANTAGES. 

The  alleged  disadvantages  of  the  w.Uer-tub.- 
boilers  are  :  That  ihey  are  less  economical  in 
cial  consumption  per  unit  of  power,  that  they 
ret[uire  more  careful  stoking,  that  the  cost  of 
their  upkeep  is  greater,  that  a  larger  mechanical 
stal'f  is  necessary  in  order  to  keep  them  in  repair 
on  account  of  the  necessary  multiplication  of 
their  littings  and  mountings,  and  that  higher 
engineering  skill  and  attention  are  necessary  for 
their  management  and  maintenance  than  is  the 
case  with  cvlindric.il  boilers. 

THE   WATER-TUBE    BOILER    COMMITTEE. 

In  spite  of  these  alleged  disadvantages,  how- 
ever, there  is  no  doubt  that  for  w.u-  vessels  the 
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balance  of  advantage  lies  considerably  with  the 
water-tube  boilers.  This  was  amply  contirmed 
by  the  investigations  of  the  Water-tube  Boiler 
Committee  appointed  liy  the  First  Lord  of  the 
Admiralty  in  September,  1900.  After  a  few 
months'  labours  the  members  of  the  Committee 
were  asked  to  furnish  an  interim  report,  in 
order  to  satisfy  the  earnest  desire  of  the  House 
of  Commons  and  the  country  generally  for  boiia- 
fide  information.  There  was  at  the  time  some 
doubt  as  to  the  wisdom  of  the  Government  in 
demanding  such  a  report,  but  as  many  new 
vessels  were  about  to  be  constructed,  it  was 
absolutely  necessary  to  come  to  a  decision  about 
the  class  of  boiler  with  which  they  were  to  be 
fitted.  In  the  interim  report,  which  was  for- 
warded to  the  Admiralty  on  February  19th, 
1901,  it  is  stated  that  "the  advantages  of  water- 
tube  boilers  for  naval  purposes  are  so  great, 
chiefly  from  a  military  point  of  view,  that, 
providing  a  satisfactory  type  of  water-tube 
boiler  be  adopted,  it  would  be  more  suitable  for 
useinH.M.  Navy  than  the  cylindrical  tvpe  of 
boiler." 

ITS    INTERIM     REPORT    CONFIRMED. 

On  May  28th,  1902,  on  the  departure  of 
Admiral  Sir  Compton  Domvile,  who  had  been 
acting  as  the  president  of  the  Boiler  Committee, 
to  take  up  the  post  of  Commander-in-Chief  of 
the  Mediterranean,  another  report,  intended  to 
be  final  upon  most  of  the  points  v.-hich  had 
been  referred  for  the  consideration  of  the 
Committee,  was  issued.  In  this  later  report 
the  members  of  the  Committee  state  that 
further  experience  has  confirmed  them  in  the 
opinions  which  they  had  previously  expressed 
in  their  interim  report  of  February  19th,  1901; 
and  so  it  appears  to  be  settled  as  finally  as 
it  is  possible  to  determine  such  a  matter  that 
the  water-tube  boiler,  of  some  type  or  another, 
is  to  be  adopted  as  the  successor  of  the  cylin- 
drical tyj-ie.  This  is  the  deliberate  decision 
arrived  at  by  a  Committee  of  practical  engineers 
of  considerable  eminence  in  their  profession. 
They  could  not  possibly  be  suspected  of  any  bias 
in  favour  of  the  water-tube  boiler,  and  in  this 
connection  it  is  as  well  to  remember  that  the 
Committee  owed  its  very  existence  to  persistence, 
and,  as  far  as  possible,  complete  discussion  in 
the  House  of  Commons.  The  opportunities  of 
the  Water-tube  Boiler  Committee  for  obtaining 


evidence,  making  practical  investigations,  and 
arriving  at  a  sound  decision  have  been  unique. 
The  few  members  of  Parliament  who  pressed 
their  demand,  in  season  and  out  of  season,  for 
an  independent  inquiry  into  the  system  of 
boilering  our  warships,  are  to  be  congratulated 
upon  their  perseverance  and  patriotism,  no  less 
than  upon  the  success  which  has  attended 
their  endeavours. 

A    BOLD    DEPARTURE. 

The  introduction  of  the  water-tube  boiler  on 
the  large  scale  adopted  in  the  two  huge 
cruisers  Poivcrfnl  and  Terrible  in  the  year  1895 
was  the  boldest  departure  in  naval  engineering 
practice  on  record.  It  was,  as  might  have  been 
expected,  attended  with  much  solicitude,  and 
perhaps  at  times,  much  excusable  doubt  in  the 
minds  of  responsible  naval  authorities  who  were 
not  engineers.  That  in  spite  of  this,  the 
Engineer-in-Chief  of  the  Fleet,  after  such  con- 
sideration as  he  deemed  necessary,  took  upon 
himself  the  enormoi;s  responsibility  of  advising 
this  radical  and  bold  departure,  redounds  in- 
finitely to  his  sagacity  and  credit. 

INTRODUCTION     OF    THE    BELLEVILLE. 

The  b.ittle  of  the  boilers  may  be  said  to  have 
commenced  with  the  introduction  of  the 
Belleville  boiler  into  our  vessels  of  war  in  the 
year  1895,  but  long  previous  to  that  date 
we  had  adopted  water-tube  boilers  of  the  small 
tube  type  for  use  in  "destroyers."  In  fact, 
without  a  boiler  of  this  kind,  the  existence  oi 
the  fast  and  fragile  "destroyer,"  as  we  know  it 
to-day,  would  have  been  an  impossibility.  No 
other  type  of  boiler,  except  the  "  express  "  or 
water-tube  type,  would  have  given  the  rapid  and 
easy  method  of  steam  generation,  or  would  have 
possessed  the  merits  of  extreme  lightness  and 
adaptability  of  being  fitted  into  small  vessels. 

The  destroyer  Havock,  the  first  of  her  class ^ 
wns  originally  fitted  with  locomotive  boilers, 
and  she  was  looked  upon  as  the  best  example 
of  what  could  be  done  in  vessels  of  her 
type ;  but  the  performances  of  the  Havock 
have  been  far  surpassed  since  by  vessels  which 
were  fitted  with  the  small  tube  type  of  water- 
tube  boiler.  A  very  notable  case  is  that 
of  the  torpedo  gunboat  Speedy,  a  small  vessel  of 
800  tons  displacement,  built  by  Messrs.  Thorny- 
croft,  who  guaranteed  to  supply  a  horse-power 
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of  4,500  instead  of  the  3,500  obtained  with  loco- 
motive boilers  in  similar  vessels  of  her  class, 
and  to  do  it  on  a  smaller  weight  of  boilers, 
which  should  also  occupy  less  space.  The 
saving  of  weight  of  water  alone  in  the  boilers 
of  the  Spccilv  was  20  tons,  a  very  valuable 
feature  considering  the  important  part  which 
weight  plays  in  small,  fast  vessels  of  this  class. 
The  Spcetiv  was  a  triumphant  success,  and  the 
adoption  of  small  water-tube  boilers  for  the 
torpedo  gunboats,  torpedo  boat-destroyers,  and 
all  classes  of  torpedo  boats  became  general. 

The  evolution  of  the  large,  fast  war  cruisers, 
such  as  one  now  sees  in  the  navies  of  all  the 
important  maritime  Powers,  would  have  also 
been  impossible  without  the  adoption  of  a  W'ater- 
tube  boiler  of  some  kind  or  another.  For 
fifteen  years  or  so  prior  to  the  introduction  of 
the  Belleville  boilers  into  the  British  Navy, 
France  had  been  using  them  in  the  vessels  of 
her  mercantile  marine,  and  had  also  adopted 
them  f(jr  her  war   navv.     It  was  the  nnlv  kind 


of  large  tube  water-tube  boiler  of  which  any 
extended  experience  had  been  obtained,  and, 
therefore,  having  become  convinced  that  a 
water-tube  boiler  was  an  absolute  necessity  for 
a  war  navy,  the  British  Admiralty  were  per- 
fectly justilied  in  selecting  the  only  bailer  of  the 
kind  of  which  anything  was  known. 

UNREASONING     OBJECTIONS, 

The  troubles  which  have  attended  its  intro- 
duction into  our  service  have  been  seized  u]iiin 
as  a  reason  for  objecting  to  its  use  altogether. 
The  most  wild  and  unreasoning  statements  have 
been  made  against  the  alleged  uiisoiuid  practice 
of  boiling  water  in  a  tube,  by  the  adherents 
of  the  old  boiler  system,  who  forget  that,  after 
all,  a  cylindrical  boiler  is  merely  a  tube  on  a 
larger  scale.  The  soundest  engineering  practice 
is  that  which  can  obtain  the  best  result, 
and  leave  the  balance  of  practical  advan- 
tages on  its  own  side,  and  this  is  undoubtedly 
prociued  by  the  water-tube  boiler. 
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ALLOWANCES   NECESSARY  FCR  SEVERE  TESTS. 

It  must  be  reinenibeied,  when  comparing  the 
new  and  the  old  style  of  boiler,  that  at  the  time 
of  changing  the  boiler  policy  of  the  Navy  we 
had  taken  at  least  sixty  or  seventy  years— ever 
since  the  birth  of  the  steam  engine,  in  fact — to 
advance  to  the  steam  pressure  of  155  lbs.  per 
square  inch,  which  was  and  still  is  the  practice 
in  the  latest  examples  of  cylindrical  boilers  in 
our  Xavy.  The  large  water-tube  boilers  of  the 
PoTveifiil  and  Terrible  were  designed  for  steam 
of  260  lbs.  pressure,  and  in  the  boilers  of  the 
cruisers  immediately  succeeding  them  the  steam 
pressure  was  increased  to  300  lbs.  persquare  inch. 
Thus  it  will  be  seen  tliat  at  practically  one  steji 
the  steam  pressures  which  we  had  taken  seventy 
years  to  advance  to  were  doubled,  and  it  is  this 
sudden  and  enormous  increase  of  steam  pres- 
sure which  has  been  responsible  for  many  of 
the  troubles  of  the  water-tube  boiler  and  much 
of  the  odium  which  has  been  unjustly  levelled 
at  it  by  adverse  critics. 

TOO    MUCH    EXPECTED. 

The  magnihcent  performances — and  they  iirc 
magniticent — of  the  large  Atlantic  liners  are 
quoted  as  examples  of  what  should  be  done  in 
large  and  fast  cruisers  of  our  war  navy,  but  a 
comparison  between  the  two  classes  of  vessels 
or  the  two  services  is  utterly  impossible.  The 
Atlantic  liners  are  designed  for  one  purpose 
especially — /.t'.,to  make  an  ocean  passage  at  the 
highest  possible  speed,  and  no  stint  is  made  in 
any  matter  which  conduces  to  speed.  Weight 
and  space  are  given  liberally  to  machinery  and 
boilers,  and  it  is  scarcely  an  exaggeration  to  say 
that  for  fast  Atlantic  steamers  the  dimensions 
and  output  of  the  engines  and  boilers  arehrst  of 
all  decided  upon,  and  the  vessel  is  then  built 
around  the  machinery  spaces.  In  war  vessels 
this  cannot  be  done.  Weight  and  space  are  cut 
down  to  the  lowest  limit,  and  the  engines  and 
boilers  have  to  lit  the  spaces  that  can  be 
allowed  them  in  the  ships.  The  task  of  tlie 
engine  and  boiler  designer  is  more  diflicult, 
and  the  task  of  the  engineer  ofticers  and  their 
staffs  who  run  the  vessels  is  of  course 
also  more  diflicult  in  a  corresponding  degree. 
Add  to  these  observations  that  the  functions 
and  duties  of  a  vv'ar  vessel  are  altogether 
different  to  those  of  a  vessel  in  the  mercantile 
marine,    and    it    will    be  at    once    seen    that 
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a  comparison  between  the  engineering  methods 
which  are  respectively  adopted  to  suit  the 
exigencies  of  a  war  navy  and  of  a  mercantile 
navv  must  in  the  highest  degree  be  misleading 
and  fallacious.  The  difficulties  which  have 
attended  the  introduction  of  large  water-tube 
boilers  into  the  Navy  have  been  intensified  by 
the  magnitude  of  the  new  departure,  by  tiie 
shortage  of  officers  and  men  of  the  engineer 
branch,  and  by  lack  of  training  of  the  engineer 
staff  in  the  care  and  management  of  these  boilers. 
The  early  experiments  with  the  Sharp- 
shooter, which  was  fitted  with  a  small  installa- 
tion of  Belleville  boilers,  and  the  steam  trials 
and  subsequent  experience    of   the  two    large 
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cruisers  PonYijiiI  and  Terrible,  gave  everv 
encouragement  to  the  Admiralty  to  fit  the  Belle- 
ville boiler  into  all  succeeding  vessels.  In  the 
earlier  cases  just  mentioned  it  had  been  found 
possible  to  detail  a  large  percentage  of  their 
engine-room  complements  for  duty  in  the  vessels 
before  they  were  required  for  commissioning, 
and  although  it  was  only  natural  in  a  new 
system  adopted  on  such  a  large  scale  that  some 
difficulties  should  be  met  with,  there  has  never 
been  any  serious  trouble  with  the  boilers  of 
these  ships.  One  of  them  having  already  com- 
pleted a  foreign  commission,  is  now  again  ready 
for  service  with  the  same  boilers  which  were 
placed  on  board  her  in  1895-6,  while  the  other, 
after  having  been  nearly  four  and  a  half  years  in 
commission,  is  just  returningfrom  service  on  the 
China  station. 

NECESSARY     CONOITrONS. 

It  is  a  necessity  with  an  installation  of  any 
kind  of  water-tube  boiler  that  there  should  be 
an  ample  supply  of  feed  water  of  the  purest  kind, 
and  to  ensure  this  there  should  be  great  care 
exercised  in  the  design  and  manufacture  of 
reliable  and  tight  condensers,  and  the  provision 
of  suitable  evaporating  plant  to  supply  an 
adequate  amount  of  feed  water  for  the  lioilers. 
Troubles  which  have  occurred  in  many  ships 
owing  to  leaky  condensers,  loss  ot  water  by 
leaks  from  defective  steam  pipe  joints,  drains, 
imperfect  workmanship  and  othercanses,  are  now 
nearly  eliminated,  while  the  longevity  of  theboilers 
is  being  increased  by  the  extra  experience 
which  those  entrusted  with  their  management 
are  gaining  in  their  care  and  preservation.  The 
recent  report  of  the  Water-tube  Boiler  Com- 
mittee is  to  some  extent  disappointing,  because, 
while  it  condemns  the  Belleville  boiler,  it  does 
not  delinitely  suggest  any  other  type  of  water- 
tube  boiler  in  its  place. 

THE     BELLEVILLE     SCARE. 

The  Belleville  bfiiler  has  been  condemned 
because  up  to  the  present  it  has  been  the  only 
type  of  large  water-tube  boiler  in  our  Xavy  with 
which  the  Committee  have  been  able  to  experi- 
ment on  any  scale,  but  while  the  members  of  the 
Committee  have  been  deliberating,  the  boilers 
themselves  have  been  giving  much  better  results 
as  officers  and  men  have  g.iined  experience  with 
them.  The  troubles  wiiich  have  occurred  in  our 
Navy  with  Belleville  boilers  would  have  occurred 


with  any  other  class  of  water-tube  boiler  under 
similar  conditions,  and  they  are  all  connected 
with  causes  which  lie  outside  the  boilers  them- 
selves, and  which  are  now  in  process  of 
elimination.  It  is  not  the  purpose  of  this 
article  to  proclaim  the  merits  of  any  one 
particular  type  of  water-tube  boiler,  and  if 
the  experience  whicii  will  be  obtained  in 
our  new  cruisers  with  the  "  Babcock  and 
Wilcox,"  the  "  Xiclausse,"  the  "  Diirr.'"  or  the 
"  Yarrow  "  large  tube  boiler,  all  of  which  have 
been  recommended  for  trial  by  the  Boiler  Com- 
mittee, proves  that  any  one  of  these  types  is 
superior  either  to  the  Belleville  or  to  the 
others,  then  by  all  means  let  the  Xavy  be 
supplied  with  the  best  type  we  can  get. 
But,  in  the  meantime,  there  is  no  reason  for 
alarm,  because  about  sixty  or  seventy  of  our 
largest  vessels  of  war  are  fitted  with  the  Belle- 
ville boiler,  which  has  up  to  date  had  to  bear  the 
brunt  of  the  battle  of  the  boilers  in  our  Navy. 
Nearly  all  engineer  ofticers  of  the  Xavy  who 
have  had  practical  experience  witii  this  class  of 
boiler  prefer  it  greatly  to  the  cylindrical  boiler. 
The  objections  of  other  naval  engineers  are 
more  theoretical  than  practical.  Admirals  Sir 
Joiin  Fisher  and  Lord  Charles  Beresford,  who 
have  recently  returned  to  England  from  the 
Mediterranean  Fleet,  have  probably  between 
them  given  tliat  squadron  more  hard  and  con- 
tiinious  steaming  than  has  fallen  to  the  lot  of  any 
other  ileet  in  the  world,  and  in  all  such  cases 
the  ships  with  water-tube  boilers  have  made 
the  best  performances,  and  have  been  the  most 
reliable  steamers. 

CONCESSION     TO     PESSIMISM. 

The  jibenonienal  success  obtained  in  tlie 
trials  of  the  four  mighty  cruisers  of  the  Livlatluiii 
class,  each  of  whicii  developed  easily  30,000 
horse-power  and  attained  a  speed  of  over 
2T,  knots  per  hour,  and  the  more  recent  trials  of 
the  three  cruisers,  Po-urr/iil,  Sptirlinlc,  and  Eiiropn, 
which  have  taken  place  lately  in  the  Knglish 
Channel,  should  reassure  the  public  mind  on  the 
m.itter  of  water-tube  boilers.  The  statement  of 
Admiralty  policy  which  was  recently  made  by 
Lord  Selborne  in  the  House  of  Lords,  leaves 
no  doubt  that  those  responsible  for  the  efficiency 
of  the  Navy  consider  that  the  water-tube  boiler 
is  the  best  suited  for  naval  needs.  The  decision 
to    lit    the     new    cruisers    of    the     Devonshire 
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class  with  a  combination  of  one-tifth  cylindrical 
and  four-fifths  water-tube  boilers  is  a  conces- 
sion to  pessimism  and  sentiment.  The  practical 
difficulties  in  its  working  probably  will  be  found 
to  overcome  its  supposed  advantages. 

WANTED-INCREASEO    SKILL. 

If  more  than  ordinary  skill  be  required  for 
the  satisfactory  working  of  water-tube  boilers, 
then  it  is  the  duty  of  the  .\dmiraltv  to   insist  on 


a  thorough  and  comprehensive  system  of  train- 
ing for  the  naval  engineer  pcrsoniicL  Every 
advance  in  a  science  or  subject  must  be  paid  for 
in  one  way  or  another,  and  if  increased  skill  and 
attention  be  the  price  required  for  the  undoubted 
advantages  of  the  water-tube  boiler  for  war 
vessels,  there  is  plenty  of  the  highest  engineer- 
ing talent  in  the  country  which  can  be  obtained, 
if  the  Admiralty  will  only  take  the  proper  means 
to  secure  it. 


CYLINDRICAL    BOILERS    FROM    AN    ENGINEER'S    STANDPOINT. 


ACCOI'JDIXG  to  the  evidence  taken  by  the 
Committee,  no  type  of  water-tube  boiler 
at  present  in  use  is  on  general  service  so 
economical  as  the  cylindrical.  The  Committee 
themselves  express  the  opinion  that  retarders 
will  be  found  in  many  cases  to  render  existing 
cylindrical  boilers  even  more  efficient  and 
economical  than  they  are  at  present.  Until  a 
thoroughly  satisfactory  water-tube  boiler  is 
obtained,  the  Committee  recommend  that  in 
large  cruisers  and  battleships  cylindrical  boilers 
of  sufficient  power  to  work  the  auxiliary 
machinery,  and  to  drive  the  ship  at  her  ordinary 
cruising  speed,  should  be  used  with  the  same 
steam-pressure  as  for  the  water-tube  boilers,  say 
2IO  lbs.  per  square  inch. 

The  cylindrical  boiler,  then,  is  not  played 
out,  and  in  so  far  as  the  merchant  service  is 
concerned,  nothing  so  good  and  serviceable  has 
yet  been  devised  as  the  good  old  "  Scotch 
boiler,"  which  superseded  the  "  tank,"  and 
which  still  deserves  its  name  for  efficiency, 
reliability,  and  persistency,  whether  or  not  the 
time  has  come  for  some  improvement  in  the 
steam-generating  plant  of  sea-going  steamers. 
It  has  been  often  said  that  the  progress  made  in 
boiler  equipment  (the  most  costly  and  perish- 
able part  of  the  outfit  of  a  steamer)  has  not 
been  commensurate  with  that  in  engine  prac- 
tice. This  is  not  quite  true.  Fifteen  or  twenty 
years  ago,  eight  years  was  considered  a  good 
average  life  for  a  marine  boiler  ;  to-day,  twenty 
years  is  a  by  no  means  uncommon  age.  The 
type  remains,  but  mechanical  progress  does 
not  necessarily  involve  change  of  type.  Tiie 
Scotch  boiler  was  undoubtedly  the  founder 
of  the  success  of  the  marine  engine  as  we 
now  know  it. 


The  first  high  pressure  Scotch  boiler  was 
fitted  into  the  first  triple  expansion  steamer  in 
1881.  This  was  the  Clarcmonl  of  Newcastle- 
on-Tyne,  whose  engines  were  built  by  Messrs. 
Douglas  and  Grant,  of  Kirkcaldy.  Previous  to 
that  no  boiler  builder  would  undertake  to  build  a 
boiler  for  150  lbs.  pressure.  The  determination 
of  the  qualities  that  go  to  make  up  efficiency 
has  not,  perhaps,  been  quite  so  familiar  a  study 
as  it  ought  to  be.  It  is  not  so  many  j'ears  since 
the  shearing  strength  of  a  rivet  was  considered 
equal  to  its  tensile  strength.  Apart  from 
developments  in  the  art  of  the  boiler-maker, 
however,  he  has  now  at  his  command  better 
materials  than  ever  were  known  before.  If  a 
perfect  boiler  can  be  evolved  at  all,  it  should  be 
evolved  now,  when  we  have  the  perfection  of 
material  and  the  highest  natural  and  inherited 
results  in  scientilic  insight  and  technical  appli- 
cations. As  far  as  material  is  concerned,  there 
is  no  reason  why  a  boiler  should  not  last  thirty 
or  forty  years. 

The  essential  condition  fnr  all  b.:)ilers  is,  of 
course,  that  they  shall  have  sufficient  structural 
strength  to  withstand  the  ordinary  working 
pressure.  But  they  should  also  have  a  margin 
beyond  this,  to  enable  them  to  work  with 
efficiency  even  when  some  parts  become  thinned 
by  corrosion.  Then  they  should  be  so  designed 
as  to  withstand  continuously  the  effects  of 
expansion  and  contraction  resulting  from  the 
changes  of  temperature,  not  only  as  to  the 
whole  structure  but  also  as  to  special  parts.  The 
design  should  admit  of  the  furnaces,  tines,  etc., 
being  readily  cleaned,  and  should  provide  for 
the  free  discharge  of  the  steam  produced  from 
the  heating  surfaces.  It  is  further  desirable 
that    the    furnaces,   Hues,    etc.,    shtnild    be    so 
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arranged  as  to  admit  of  perfect  combustion  of 
the  fuel,  and  of  the  ready  transfer  of  the  heat 
from  the  products  of  combustion  to  the  water 
or  steam  in  the  boiler ;  for  upon  these  matters 
economy  lars;elv  depends.  Facihty  for  cleaning 
the  whole  of  tiic  inside  of  the  boiler  is  of 
essential  importance.  The  capability  of  being 
"  forced,"  which  is  possessed  by  some  types,  is 
a  distinct  advantage.  The  rapidity  with  which 
steam  can  be  raised  or  lowered,  depending 
largely  on  the  total  quantity  of  water  contained 
in  the  boiler,  and  the  power  obtainable  on  a 
given  weight,  or  in  a  given  space,  or  on  a  given 
tloor  area,  are  also  qualities  demanding  con- 
sideration, as  well  as  the  ease  with  which  a 
defective  tube  can  be  plugged  or  replaced,  or 
other  small  repairs  effected.  In  the  selection 
of  a  boiler  for  any  particular  service,  therefore, 
all  its  qualities  must  be  considered,  and  the  type 
selected  should  be  that  which  will  give  more 
advantages  than  disadvantages. 

In  the  case  of  the  so-called  "Scotch,"  or 
cylindrical  multitubular  boiler,  the  grates  are 
arranged  in  circular  flues  or  furnaces,  extending 
from  the  front  of  the  boiler  for  six  or  seven  feet 
into  the  interior.  The  flames  and  hot  gases 
from  the  fuel  rise  at  the  end  of  the  furnace  into 
the  flame  chamber,  which  varies  in  height  with 
the  size  of  the  b;)iler,  but  is  as  a  rule  from  two 
to  three  feet  in  width.  The  tube  is  one  of  the 
walls  of  this  chamber,  and  it  is  pierced  with 
holes,  through  which  the  tubes  are  fitted  to  the 
front  plate  of  the  boiler.  When  the  flames  and 
hot  gases  from  the  flame  chamber  pass  through 
the  tubes  running  parallel  with  the  furnace,  the 
heat  so  distributed  generates  steam  from  the 
water  around  the  tubes.  From  the  front  of  the 
boiler  the  hot  gases  and  smoke  are  guided  by 
the  smoke-box  to  the  funnel.  The  tubes  are 
connected  with  the  tube  plate  by  the  forced 
expansion  of  the  metal,  which  is  fitted  in  cold, 
and  this  is  where  leakage  is  apt  to  take  place,  as 
the  result  of  the  continual  play  of  the  flames  on 
plate  and  tubes.  The  connection  has  been  found 
sufficient  for  ordinary  circumstances.  But  when 
forced  draught  is  used  the  cold  air  rushes  in 
with  the  hot  gases  when  the  furnace  door  is 
opened,  and  causes  sudden  and  violent  changes 
of  temperature,  by  which  the  tube  plate  is 
affected.  In  a  steamer,  when  the  boilers  leak 
under  hard  pressure  of  forced  draught,  the 
steam  may  find  its  way  into   the  furnace  and 


dri\e  the  flames  out  into  the  stokehold,  with 
serious  danger  to  life  and  limb  of  tin- 
stokers. 

In  naval  construction  the  fault  seems  to  have 
been  first  in  reducing  the  size  of  the  boilers  to 
save  weight,  then  in  introducing  forced  draught, 
and  then  in  expecting  too  much  from  the  boilers 
as  the  result.  In  the  merchant  service  Scotch 
boilers  are  generally  used  with  natural  draught, 
though  forced  or  induced  draught  is  frequently 
applied  to  them,  but  in  tlie  Mavy  forced  draught 
is  always  employed  at  full  jiowers. 

The  cylindrical  boiler  is  probably  the  best  in 
use  as  far  as  completeness  of  combustion  of  coal 
is  concerned,  when  worked  under  ordinary 
conditions.  With  skilled  attention  it  is  possible 
to  obtain  results  showing  fairly  complete  com- 
bustion in  almost  any  boiler.  But  as  in  this 
boiler  all  the  gases  from  the  front  of  the  fire 
have  to  pass  over  the  rest  of  the  fire,  meeting  at 
right  angles  to  the  streams  of  gases  coming 
through  the  back  part  of  the  grate,  if  the  fire  is 
of  uneven  thickness  from  careless  stoking  the 
gases  have  a  probability  of  mixing  together, 
before  passing  over  the  bridge  into  the  com- 
bustion chamber,  to  enter  which  they  have  to 
take  a  sharp  turn  at  rigiit  angles,  whicli  again 
assists  them  to  commingle  ;  and  in  the  chamber 
they  have  further  opportunities  of  mi.xing. 
Thus  the  unburned  gases  become  largely  con- 
sumed before  they  can  get  into  the  tubes,  where 
their  temperature  is  quickly  lowered  below  the 
ignition  point,  and  no  further  combustion  is 
then  possible.  All  combustion,  then,  must  take 
place  either  in  the  furnace  or  in  the  combustion 
chamber. 

This  boiler,  further,  being  less  dependent  for 
economy  upon  careful  stoking  than  most  of  the 
other  types,  has  not  so  much  necessity  for  inces- 
sant watchfulness  as  regards  the  water  supply. 
The  free  water  area  is  large,  and  in  ordinary 
working  there  are  several  inches  of  water  above 
the  heating  surfaces,  so  that  a  considerable 
amount  of  water  may  be  evaporated  after  the 
stoppage  of  the  feed  supply,  before  dangerous 
consequences  ensue.  The  roomy  steam  space 
and  large  volume  of  water  contained  in  the 
boiler  also  act  as  reservoirs  of  energy,  and  con- 
siderably modify  the  effects  of  irregular  or 
careless  stoking.  This  is  why  Mr.  J.  T.  Milton, 
of  Lloyd's,  says  that  this  boiler  can  be  worked 
with  a  fair  amount  of  success  under  conditions 
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which  would  be  disastrous  with  some  types  of 
water-tube  boilers. 

Long  before  the  Boiler  Committee  began 
their  inquiry,  Mr.  J.  T.  Milton  pointed  out  the 
very  different  conditions  between  the  services 
required  in  merchant  and  in  war  vessels,  which 
early  led  to  differences  of  practice  in  the  con- 
struction of  their  boilers,  even  at  a  time  when 
the  tank  boiler  was  considered  the  only  pos- 
sible type.  The  boilers  in  merchant  ships  were 
much  larger  in  relation  to  the  pow-er  of  the 
vessel,  having  more  heating-surface  in  propor- 
tion to  the  grate  surface,  and  having  also  much 
wider  water-spaces,  in  order  to  render  them 
more  accessible  for  cleaning.  In  all  merchant 
vessels,  except  perhaps  in  a  few  engaged  only 
on  short  runs,  economy  of  fuel  and  durability 
of  boilers  are  matters  of  the  very  first  import- 
ance. In  most  cargo  vessels,  owing  to  the 
peculiarities  of  the  tonnage  laws,  the  space 
occupied  is  of  comparatively  little  moment  ; 
and  even  in  mail  steamers  of  large  power  a 
saving  of  weight  or  of  space  would  be  dearly 
bought  at  the  expense  of  increased  coal  con- 
sumption or  of  decreased  durability. 

In  war  vessels,  however,  very  different  con- 
ditions prevail.  In  their  case,  weight  and  space 
are  of  vital  importance  ;  and,  although  economy 
of  coal  consumption  and  durability  are  desirable 
quilities,  the  necessity  of  having  at  command 
the  highest  speeds  obtainable,  especially  in 
certain  classes  of  vessel,  justifies  some  departure 
from  the  practice  which  would  otherwise  obtain. 
"  In  merchant  vessels,"  says  Mr.  Milton,  "  only 
the  full  power  is  required,  and  both  engines 
and  boilers  are  designed  for  ma.ximum  efficiency 
at  this  power.  In  war  vessels  the  maximum 
power  is  rarely  required  for  extended  periods, 
■  the  greater  part  of  the  work  being  performed 
at  relatively  low  powers  ;  and  the  necessity 
of  steaming  long  distances  at  the  most 
economical  speeds  renders  economy  at  low 
powers  of  more  importance  than  at  high 
powers.  Instead  of  the  uniform  speed  re- 
quired in  merchant  vessels,  war  vessels  must 
be  capable  of  quick  manoeuvring,  necessitating 
sudden  and  large  changes  of  power,  and 
must  therefore  possess  the  capacity  of  raising 
and  lowering  steam  quickly.  In  them,  also, 
theie  is  the  possibility  that  their  boilers,  steam 
pipes,  or  engines  might  be  damaged  by  missiles 
— a  contingency  which  need  not  be  considered 


in  merchant  ships.  These  are  some  of  the  con- 
siderations which  show  that  the  design  of  boiler 
most  suitable  for  one  vessel  might  not  neces- 
sarily be  the  best  fitted  for  the  others.  The 
conditions  in  the  different  classes  of  war  vessels 
even  are  not  the  same,  so  that  it  by  no  means 
follows  that  a  type  absolutely  necessary  in,  say, 
the  torpedo-boat  destroyer,  would  be  suitable 
for  a  battleship." 

No  change  of  type,  either  of  engine  or  boiler, 
will  commend  itself  to  merchant  shipowners 
unless  some  distinct  gain  is  thereby  assured  ; 
if,  however,  a  change,  and  a  further  advance  in 
economy,  is  to  take  place,  it  must  be  remembered 
that  increases  of  steam  pressures  above  the 
present  high  pressures  of  i8o  lbs.  and  200  lbs. 
per  square  inch,  will  not  be  likely  to  give  such 
relative  increases  of  economy  in  the  engine  as 
were  obtained  in  the  past  by  increases  above 
the  lower  pressures  formerly  used. 

In  the  merchant  service  the  boilers  used  are 
almost  universally  cylindrical,  with  internally 
fired  furnaces  and  smoke-tubes.  The  pressure 
is  usually  160  lbs.  per  square  inch,  although  in 
some  cases  200  lbs.  per  square  inch  has  been 
employed,  and  in  a  few  cases  even  up  to  250  lbs. 
As  heavy  repairs  and  renewals  of  these  boilers 
are  serious  matters,  it  is  necessary  that  they 
should  last  for  many  years,  but  it  is  also  im- 
portant that  they  should  be  economical  in  fuel 
consumption.  This,  indeed,  is  the  motive  which 
has  led  to  the  gradual  increase  of  steam  pressure 
to  the  present  point,  which  many  engineers 
consider  to  be  the  maximum  which  can  be 
obtained  with  this  type  of  boiler.  If  water- 
tube  boilers  are  to  supersede  the  cylindrical  in 
merchant  steamers,  they  will  have  to  be  proved 
to  be  at  least  as  economical  in  fuel  consumption 
in  proportion  to  the  evaporation  obtained,  and 
new  types  of  engines  will  have  to  be  made  to 
utilise  properly  the  higher  pressures  of  steam 
the  water-tube  boilers  will  render  available. 

Experts  differ,  of  course,  as  they  always  do, 
as  to  the  cause  which  brings  about  leakages. 
One  theory  is  that  the  fault  is  due  to  a  want  of 
elasticity  in  the  tube-plate,  and  that  it  ought  to 
be  much  thinner  than  it  usually  is.  Experiment 
has  shown  that  the  part  of  the  tube-plate 
nearest  to  the  fire  expands  more  than  the 
upper  part,  thus  giving  the  plate  a  tendency  to 
curve,  and  the  contention  is  that  tubes  of  equal 
length  connected  with  the  plate  must  become 


Water=Tube    r.    Cylindrical    Boilers. 


435 


distorted  wlicn  the  plate  curves,  besides  the 
molecular  strain  on  the  tube-plate  due  to  the 
two  sides  being  subjected  to  different  tempera- 
tures. Others,  again,  contend  that  the  strain 
which  causes  the  leakage  is  due  to  the  tube- 
plate  being  overheated  in  consequence  of 
deiicient  water  circulation  in  the  boiler,  and 
especially  immediately  inside  the  tube-plate. 

Some  of  the  experiments  of  Sir  A.  J.  Durston, 
Chief  Engineer  of  the  Royal  Navy,  were  made 
with  a  view  to  proving  this.  A  few  years  ago 
lie  applied  forced  draught  and  an  improvised 
arrangement  corresponding  to  a  boiler,  until  the 
tube-plate  became  red-hot  at  1,400  deg.  F.,  and 
when  the  boiler  was  cooling  there  was  leakage. 
The  point  to  which  the  tube-plate  in  this  case 
could  be  heated  without  subsequent  leakage  was 
750  deg.  F.,  and  it  was  ascertained  that  a 
deposit  of  grease  inside  the  boiler  resulted  in  a 
loss  of  efficiency  to  the  extent  of  8  to  15  per 
cent.  Tests  were  also  made  to  ascertain  the 
temperature  of  the  gases  in  their  course  from 
the  fire  through  the  tubes  in  a  small  boiler. 
Starting  at  1,644  deg.  F.,  in  the  combustion 
chamber,  they  entered  the  tubes  at  1,550  deg. 
When  they  had  passed  over  i  in.  the  tempera- 
ture was  1,466  deg.;  at  2  in.,  1,426  deg.  ;  at  3  in.. 


1,405  deg.;  while  at  8  in.,  it  recovered  to 
1,410  deg.,  and  at  14  in.  dropped  to  1,368  deg., 
continuing  to  fall  to  887  deg.  at  6  ft.  8  in. 
Two-elevenths  of  the^fall,  therefore,  took  place 
in  the  iirst  2  in.  of  the  tube,  so  it  is  quite 
evident  that  the  greatest  generation  of  steam  is 
in  the  vicinity  of  these  two  inches,  or  practically 
close  to  the  tube-plate.  If  the  water  there  does 
not  circulate  satisfactorily  there  is  a  tendency  to 
overheat. 

A  discussion  of  all  the  theories,  however,  is 
too  large  for  our  present  purpose.  Many 
engineers  look  very  hopefully  on  the  tubular- 
boiler,  not  so  much  on  account  of  the  defects  in 
the  multi-tubular,  as  of  the  objections  to  its 
weight  and  the  weight  of  water  it  contains — 
objections  which,  of  course,  have  most  strength 
in  regard  to  high-speed  steamers.  There  are 
two  fixed  and  distinct  classes  of  water-tube 
boilers,  those  with  large  tubes  and  those  with 
small  tubes.  The  former  have  found  most 
favour  where  considerations  of  weight  are  not 
extremely  urgent.  It  is  noticeable,  however, 
that  of  recent  times  the  tendency  in  large  tube 
types  has  been  towards  a  smaller  size  of  tube, 
and  in  the  small  tube  t)'pe  towards  a  somewhat 
larger  size. 
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GOOD  system  of 
prime  costs  is  a 
great  help  in  the 
preparation  of  esti- 
mates, especially 
as  a  guide  to  the 
probable  cost  of 
labour,  and  a  cor- 
rect system  of 
ascertaining  the 
percentage  of 
standing  charges  to  be  added  to  the  bare 
cost  of  material  and  labour  is  of  great 
importance.  In  many  cases  in  which  losses 
in  trading  have  been  incurred,  analysis  has 
shown  that  estimates  as  a  whole  have  been 
correctly  made  so  far  as  actual  cost  of  material 


and  labour  have  been  concerned,  but  that  the 
prices  tai^en  have  been  too  low  owing  to  the 
percentage  added  to  cover  standing  charges 
being  under  estimated. 

It  is  advisable  that  all  estimates  should  pass 
through  the  hands  of  one  man,  who,  for  con- 
venience, may  be  called  the  estimate  clerk, 
although  he  should,  in  addition  to  clerical 
experience,  have  been  through  the  works  and 
have  a  good  technical  knowledge  of  the 
machinery,  etc.,  with  which  he  has  to  deal. 
Such  a  man  is  necessarily  more  expensive  than 
an  ordinary'  clerk,  but  the  difference  in  salary  is 
made  up  many  times  over  in  the  avoidance  of 
blunders  with  the  losses  which  they  entail. 

All  tenders  should  be  made  out  on  a  special 
form,  such  as  Form  No.  lo,  and  are  preferably 


TENDER. 

Form  No.  lo. 
Xo... 


M 


Dear  Sir. 

In  reply  to  j-oiir  esteemed  inquiry  of  inst.,  our  price  for  a  Dynamo  Electric  Machine  to  work  as.. . 

to  be  our Xype,  size capable  of  developing @ Volts  at  a  speed  or, 

Kcvs.  per  Minute,  in  accordance  with  nccompanyinji  Specification  and  Tracing  No will  be  as  follows  : — 


Price  of  Machine  alone. . 

Slide  Rails       

Third  Hearing  .  . 
E.\tra  Kai!  for  Thir<l  Hearing 
.,         Flywheel 

Kcgulaling     Kesistance     for 

Shunt 

Packing Carnage. 

Terms  of  payment 


Price  of  Starting  Switch  . . 
..         Regulating  „ 
Reversing    „ 
Combination     Bedplate 
Coupling  to  Engine. . 


.  Delivcrv  within.  . 


.  troni  date  of  Oider- 


We  trust  to  receive  your  Order,  which  shall  receive  our  best  attention  and  thanks,  and  remain,  yours  faithfully. 


Estimates. 
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of  such  a  size  that  three  can  be  copied  on  one 
paye  of  an  ordinary  foolscap  copying  book.  In 
this  book  the  tenders  only  should  be  copied, 
and  one  tender  only  should  be  copied  on  each 
paj^e.  Thus  two-thirds  of  each  page  are  left 
blank  after  the  tender  has  been  copied,  and 
this  blank  space  allows  for  the  copying  of 
amended  tenders  or  for  the  entering  of  special 
information.  Each  morning  all  inquiries  are 
handed  to  the  estimate  clerk,  who,  on  receiving 
them,  turns  to  his  press  copy  Tender  Book  and 
gives  each  inquiry  its  future  Tender  Number. 
Thus,  suppose  the  Tender  Book  in  use  is  No.  2, 
and  the  last  page  on  which  a  tender  is  copied 
is  120,  he  will  number  the  inquiry  letters 
£2/121,  E2  122,  etc.,  and  as  he  does  so  he  will 
tick  off  the  corresponding  leaves  in  the  book  to 
indicate  that  they  have  been  taken.  The  Tender 
Number  should  be  quoted  in  all  correspondence 
and  other  papers  relating  to  it,  so  that  at  any 
future  time  the  whole  matter  can  be  easily  traced 
out  if  necessary. 

An  inquiry  may  be  for  a  machine  of  standard 
pattern,  a  machine  of  special  design,  or  it  may 
be  for  a  complete  contract  comprising  various 
sizes  of  standard  machines,  special  machines, 
erection  at  site  with  steam  and  water  pipes  and 
other  accessories. 

FREIGHT  CHARGES. 

For  standard  machines  tiie  clerk  will  keep  a 
tabulated  record  of  costs  and  net  prices,  and  to 
these  he  will  add   such   amount   for   packing, 

DRAUGHTSMAN'S  QUANTITIES.  | 

I-..,::)   N".  5.  It; j 

Tender  \o 

I      For 


t)i; 
N.J 


Description. 


^ 

"■ 

■ 

z 

=;■ 

S 

1 " 

0 

5 

a 

a 

l.nvt. 

z\W. 

lbs. 

lbs. 

lbs 

1 

Totals 

l-  inihhcd  parts  from  stores 

1 

i    1 

1     j 

CATALOGUE     LABEL. 

l-..im  Nu  ;.-.. 

Sire Xo Cor.  Xo 

Xainc 

>  ubjecl  

D.itc I^dition 

i*"onii  X. 
I^ich.ircl  Thomas  &  Henr>*. 

steam  Valves.  Catalogue  4  to  Xo.  125. 

Correspondence  ^.*o.,  30S. 

Discount  33^  per  cent,  and  z^  per  cent,  month. 

Form  H. 
Steam  Valves. 
Kichard  Thomas       Henry. 

Catalogue  4  to  Xo.  125. 

Correspondence  No.,  308. 

Discount  33i  per  cent,  and  2^  per  cent,  month. 

carriage,  etc.,  as  each  case  may  demand.  For 
the  determination  of  railway  charges,  very  con- 
venient books  may  be  obtained,  which  give  for 
any  town  the  railway  rate  for  goods  of  any  class 
to  any  other  town  served  by  the  railways. 
Similar  books  may  be  obtained  for  dock  charges. 
It  is  very  important  that  these  should  be  borne 
in  mind  in  cases  where  goods  are  to  be 
delivered  F.O.B.  Firms  not  accustomed  to 
delivering  F.O.B.  very  often  assume  that  as 
railway  charges  include  delivery  (within  a 
reasonable  radius)  to  any  factory  or  warehouse 
they  also  include  delivery  to  a  ship.  This  is 
not  so  ;  as  the  railway  company  only  du-liver  to 
the  dock  and  the  dock  company  handle  the 
goods  and  put  them  on  board.  Thus  a  sum 
must  be  added  to  the  railway  charge  to 
allow  for  delivery  F.O.B.  The  charges  in 
different  ports  and  for  goods  of  dilferent 
classes  vary,  but  ought  always  to  be  kept  in 
view. 

Inquiries  for  special  machines  or  complete 
contracts  are  handed  to  the  chief  draughtsman, 
who,  instructed  by  the  manager,  prepares  what- 
ever drawings  are  necessary,  and  from  these 
makes  up  the  list  of  Quantities  (Form  N<;.  5).  On 
this  list,  in  addition  to  raw  material,  there  are 
given  the  quantities  of  articles  which  may  be 
purchased  ready  finished,  such  as  lubricators, 
bolts  and  nuts,  and  other  parts  which  it  pays 
better  to  buy  than  to  make. 

THE     FILING    OF    CATALOGUES. 

Generally  speaking,  the  prices  ol  these  may 
be  taken  from  catalogues,  so  that  a  well-kept 
system  of  tiling  is  very  desirable.  Catalogues 
as  a  rule  are  not  well  kept,  the  usual  thing  being 
to  pile  them  on  a  shelf  or  stow  them  away  in  a 
drawer. 
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The  system  in  use  by  the  writer,  and  wliich 
ne  has  also  introduced  recently  in  a  large 
engineering  works  in  the  north,  enables  any 
citalogue  to  be  found  without  any  vexatious 
delay.  The  catalogues  are  kept  in  drawer 
boxes  in  which  three  sizes  of  drawer  are 
used,   one   to    take    catalogues    up    to    octavo, 


INQUIRY. 

Form  Xo. 


M., 


W.  Jones  &  Co..  Ltd. 

London,  E.G. 


Dear  Sirs, 

Please  quote  us  your  lowest  price 

on  this  fomi.  which  is  wTilten  and  printed  in  copying  ink.  for 

goods  as  below,  packed  and  delivered 

stating  the  earliest  time  in  w  hich  you  can  guarantee 

dehver\*. 


Quantity. 


Description. 


Rate. 


< 


Terms 

Packing 

Carriage 

Delivery  within from 

date  of  order. 


Signed. 


the  second  to  take  catalogues  from  octavo  up  to 
quarto,  and  the  third  to  take  sizes  above  quarto. 
Three  books  are  kept,  one  for  each  size,  in 
which  the  catalogues  are  entered  and  con- 
secutive numbers  given  to  them  as  they  are 
received.  To  each  catalogue  is  gummed  a  label 
(Form    No.    78)   on    which    are    entered    the 


particulars,  which  are  also  entered  on  two  sets 
of  cards,  one  under  the  names  of  the  firms  and 
the  other  under  the  subject  matter. 

Examples  A  and  B  show  the  entries  on  two 
cards. 

PREPARATION     OF     ESTIMATES. 

Where  special  quotations  have  to  be  asked 
for,  an  Inquiry  Form  (No.  27)  is  sent  out.  These 
forms  are  filled  up  and  returned  by  firms  tender- 
ing, and  are  from  time  to  time  bound  into  books. 
The  forms  are  numbered  and  a  card  index  is 
kept  of  them  the  same  as  for  catalogues. 

Having  ascertained  prices  for  all  the  materials 
given  on  the  list  of  quantities,  the  estimate 
clerk  then  enters  up  the  material  column  of 
Form  No.  9,  adding  a  percentage  to  cover  un- 
booked material.  For  the  labour,  the  draughts- 
man prepares  a  list  similar  to  Form  No.  5,  but 
with  the  columns  headed  with  the  dift'erent 
classes  of  labour  and  their  rates  of  wages. 
This  list,  together  with  the  drawings,  goes  to 
the  different  foremen,  who  fill  in  their  estimates 
of  the  number  of  hours  the  dift'erent  parts  will 
take.  Before  going  back  to  the  estimate  clerk 
these  lists  should  be  passed  by  the  works 
manager,  who  may  see  fit  to  modify  the  fore- 
man's figures.  The  estimate  clerk  then  fills  in 
the  labour  column  of  Form  No.  9  and  adds  the 
percentage  necessary  to  cover  standing  charges. 
Costs  of  packing,  railway  charges,  dock  charges 
(if  any)  are  then  added,  and  the  estimate 
is  totalled. 

The  manager  or  principals  then  decide  what 
price  shall  be  quoted,  and  the  Tender  Form 
(No.  10)  is  filled  up,  together  with  the  necessary 
specification  and  drawings. 


ESTIMATE. 

Furlll  No.  V. 

Date 

To 

For 

1 

Quantity. 

Description. 

Weight. 

Rate. 

Labour. 

.Material. 

Charge. 

Cwt. 

1 
qrs. ,  lbs- 

£ 

" 

d. 

£ 

s. 

d. 

£ 

S. 

d. 

( 

It  is  interesting  to  learn,  upon 
Liquid-fuel-       what      seenis      to      be      good 

burning  Locomo-        ,,       •.  ^t,    i.       ivr  o        t 

lives.  authority,      that      Mr.      K.      J. 

Bilhnton,  the  locomotive  super- 
intendent of  the  London,  Brighton  and  South 
Coast  Railway,  is  about  to  try  the  experiment 
of  burning  liquid-fuel  on  some  of  the  engines 
employed  on  that  line.  The  system  to  be  used 
is  that  invented  by  Mr.  J.  Holden,  locomotive 
superintendent  of  the  Great  Eastern  Railway. 
It  has  now  been  employed  for  many  years  on 
that  railway,  and  has  given  results  which  must 
be  characterised  as  entirely  satisfactory.  Tlie 
use  of  liquid-fuel  in  locomotives  is,  of  course, 
no  novelty,  having  long  been  practised  both  in 
Russia  and  in  America,  where  mineral  oil  is 
abundant  and  cheap.  Mr.  Holden's  method, 
however,  differs  in  some  important  respects 
from  those  hitherto  employed  in  those  countries 
where  there  is  no  uncertainty  as  to  the  perma- 
nence of  ample  supplies  of  the  liquid-fuel. 
When  Mr.  Holden  started  the  liquid-fuel  move- 
ment in  this  country  his  object  was  simply  to 
get  rid  of  troublesome  refuse,  chiefly  gas-tar. 
In  the  absence  of  any  delinite  knowledge  as  to 
the  amount  of  fuel  that  would  be  economically 
available,  the  engines,  while  able  to  burn  liquid- 
fuel,  had  also  to  be  fitted  for  coal  consumption 
should  the  other  combustible  not  be  accessible- 
This  principle  has  been  adhered  to  in  the  case 
of  all  the  liquid-fuel-burning  locomotives  of  the 
Great  Eastern  Railway.  Tluis,  should  the 
liquid-fuel  supplies  at  any  time  give  out  or 
become  too  costly,  recourse  can  at  once  be  had 
to  coal  without  any  alterations  in  the  engines. 


Metliod  of 
Working. 


In  ordinary  working  the  Holden 
engines  burn  liquid  -  fuel  in 
association  with  solid  com- 
bustibles, and  not  instead  of  them.  The  gas- 
tar  or  petroleum  refuse  is  stored  in  tanks  on  the 
tender,  and  is  sprayed  into  the  firebox  by  means 
of  roses  on  two  pipes,  througli  which  the 
material  is  driven  by  a  jet  of  steam,  air  being 
also  admitted  through  an  annular  orilice  in  each 
rose.  The  hydro-carbon  spray  enters  the  lire- 
box  above  a  low  coal  fire  in  which  there 
are  numerous  lumps  of  incandescent  chalk. 
The  spray  is  ignited,  and  while  the  engine  is  at 
work  the  firebox  is  filled  with  a  clear,  clean,  pure 
white  tlame  of  great  heating  power,  which  the 
driver  can  regulate  to  greater  or  less  intensity 
by  adjusting  two  small  thumbscrews.  Thus  the 
steam  can  be  kept  steadily  at  its  most  advan- 
tageous point,  just  below  blowing-of?  mark 
during  the  whole  length  of  a  long  non-stopping 
run,  such  as  that  from  Liverpool  Street  to  North 
Walsham — a  distance  of  131  miles,  run  at  an 
average  speed  of  about  50  miles  an  hour,  and 
an  actual  working  average  of  about  55.  Tlie 
convenience,  cleanliness,  and  general  advan- 
tageousness  of  the  plan  are  indisputable. 


Why  not 
generally 
adopted  ? 


It  may  fairly  be  asked  :  Why,  if 
this  plan  be  really  so  advan- 
tageous, has  it  not  long  ago 
been  adopted  by  all  the  other 
railways  ?  The  answer  is  very  simple.  To  use 
liquid-fuel  engines,  there  must  be  ample  supplies 
of  liquid-fuel.  Hitherto  these  have  been  want- 
ing.     The  Great   Eastern    Railway  practically 
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absorbed  all  that  could  be  obtained  at  remuner- 
ative rates.  The  locomotive  superintendent  of 
one  of  the  leading  Scottish  lines  wished  to  try 
the  plan,  but  deemed  it  prudent  first  to  ascer- 
tain whether,  if  he  constructed  the  engines,  he 
could  get  the  fuel  for  them  to  burn.  Finding, 
on  enquiry,  that  the  Great  Eastern  had  secured 
all  the  cheap  liquid-fuel  available  as  far  north 
as  Glasgow  itself,  he  reluctantly  abandoned  the 
idea.  Lately,  however,  fresh  sources  of  supply 
having  been  discovered,  several  railways  have 
begun  to  use  liquid-fuel,  and  the  experiment 
will  be  tried  on  the  London,  Brighton  and 
South  Coast,  as  well  as  on  the  South  Eastern 
and  Chatham,  and  on  the  Metropolitan.  Of  its 
success  there  can  be  no  doubt  at  all.  Absolute 
proof  has  been  afforded  that  Mr.  Holden's 
system  is  equal  to  all  requirements  if  adequately 
managed.  Therefore,  should  it  fail  in  any  other 
case,  the  fault  will  be  attributable,  not  to  the 
system,  but  to  its  local  working.  However,  no 
such  failure  need  be  anticipated,  and  the  in- 
creasing use  of  liquid-fuel  will  do  much  to 
obviate  the  nuisance  caused  by  railway  smoke 
and  sparks. 

Another  valuable   improvement 

Compound        that  of  compounding,  for  loco- 
LoBoraotives.  ...  ,  , 

motives,    has  recently   made   a 

fresh  step  forward  in  England.  For  manj-  months 
rumour  was  busj-  with  a  report  to  the  effect 
that  at  Derby — that  railway  "home  of  mystery  " 
— a  new  type  of  compound  locomotive  had  been 
designed  by  Mr.  S.  W.  Johnson,  the  able  loco- 
motive superintendent  of  the  Midland  Railway, 
and  that  two  pioneer  engines  of  this  class  had 
been  built.  This  report  proves  to  be  correct,  and 
Nos.  2631  and  2632  have  not  only  left'  the 
Derby  shops,  but  have  actively  begun  work,  one 
taking  daily  the  10.5  a.m.  train  from  Leeds  and 
the  other  the  3.55  p.m.  from  Carlisle.  The  two 
engines  are  practically  identical,  save  that  one 
has  plain  copper  tubes  giving  1,598  square  feet 
of  tube  heating-surface,  while  the  other  has  the 
Ser\'e  or  ribbed  tubes,  which  give  1,720  square 
feet  of  surface.  Each  has  150  square  feet  of  heat- 
ing surface  in  the  firebox,  26  square  feet  of  grate 
area,  and  works  at  a  boiler  pressure  of  195  lbs. 
of  steam  per  square  inch.  Mr.  Johnson  appears 
to  have  adopted  in  a  large  measure  the  same 


arrangement  of  cylinders,  etc.,  as  that  of  \o. 
1619  on  the  Xorth-Eastern  Railway,  excepting 
that  the  piston  stroke  is  26  in.,  both  with  the 
high-pressure  and  the  low-pressure  cylinders. 
There  is  only  one  high-pressure  cylinder,  which 
is  placed  inside  the  frames  and  drives  the 
leading  coupled  axle  by  a  single-throw  crank. 
There  are  two  low-pressure  cylinders,  each 
21  in.  in  diameter,  placed  outside.  They  drive 
the  same  pair  of  wheels.  By  a  special  arrange- 
ment of  the  valves  it  is  provided  that  although 
the  steam  pressure  in  the  boiler  may  be  195  lbs. 
per  square  foot,  the  pistons  shall  never  be 
forced  to  bear  a  severer  strain  than  that 
which  would  ordinarily  be  experienced  at  a 
pressure  of  170  lbs.  in  the  boiler,  wiiich  is  that 
emploj'ed  in  many  Midland  engines.  The  pres- 
sure in  the  low-pressure  cylinders  is  ordinarily 
40  lbs.  to  60  lbs.,  but  this  can  be  reinforced  in 
case  of  need  by  the  admission  of  auxiliary  steam 
from  the  boiler  through  a  special  valve.  Stephen- 
son's link-motion  is  used  to  work  the  valves,  and 
the  reversing  gear  can  be  applied  at  will  either 
to  high-pressure  or  low-pressure  cylinders 
separately,  or  to  both  together  with  the  same 
handle.  Special  devices  are  employed  to 
minimise  back  pressure. 

The  leading  dimensions  of  the 

Dimensions  of     m^w  Midland  compound  engines 
New   Midland  ._.  .  .... 

Engines.  arc :  Diameter  of  dnvmg 
and  trailing  wheels  coupled, 
7  ft.  ;  bogie  wheels,  3  ft.  6  in.  ;  high-pressure 
cylinder  (i),  19  in.  by  26  in.  ;  low-pressure 
cylinders  (2),  21  in.  by  26  in. ;  total  heating  sur- 
face (plain  tubes),  1,598  square  feet  (Serve 
tubes),  1,720  square  feet  ;  diameter  of  boiler 
barrel  (inside),  4  ft.  8  in.  ;  length  of  boiler 
II  ft.  7  in.  ;  height  of  boiler-centre  above 
rails,  8  ft.  6  in.;  grate  area,  26  square  feet; 
steam  pressure,  195  lbs.  Weight  of  engine 
in  working  order :  On  bogie  wheels,  20.^ 
tons ;  on  driving  wheels,  19.V  tons ;  on 
trailing  wheels,  19^  tons ;  total,  59A-  tons. 
Tender  (on  two  four-wheel  bogies)  loaded, 
52.'v  tons  ;  total  of  engine  and  tender,  112  tons. 
The  new  engines  appear  to  be  working  very 
well  and  to  be  giving  good  results.  It  will  be 
observed  that  Mr.  Johnson,  in  his  new  three- 
cylinder    compounds,     exactly     reverses     Mr. 
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Webb's  three-cylinder  practice,  as  did  Mr. 
Worsdell  with  No.  1619  on  the  North-Eastern 
l\ail\vay.  That  is  to  say,  whereas  Mr.  Webb 
has  two  hi^li-pressure  cylinders  outside  and  one 
low-pressure  cylinder  inside,  Mr.  Johnson  and 
Mr.  Worsdell  have  one  high-pressure  cylinder 
inside  and  two  low-pressure  cylinders  outside. 
Experience  alone  can  decide  which  of  the  two 
plans  is  preferable. 

It     will    also    be    interesting  to 

Two.  three,  or    note    the  comparative  working 
four-cylinder        ^     .1  •  1  1-     »i 

Compounds.  "'  this  new  class  ot  three- 
cylinder  compounds  as  against 
the  performance  of  the  four- cylinder  types  on 
the  one  hand,  and  the  two-cylinder  class  on  the 
other.  With  such  able  and  eminent  locomotive 
engineers  as  Messrs.  du  Bousquet,  de  Glehn, 
Mallet,  GorlsdorlT,  von  Borries,  Webb, 
Worsdell,  Vauclain,  and  now  Mr.  Johnson,  all 
testing  the  compound  system  as  applied  to 
locomotives,  some  definite  results  must  surely 
be  reached  at  no  very  distant  date.  The  point 
is  a  vital  one  in  locomotive  jnactice,  and  it 
should  be  settled  definitely  whether  or  not 
compound  locomotives  are  advantageous  on  the 
score  of  economy  and  efficiency  as  compared 
with  non-compound  engines.  If  so,  it  remains 
to  be  proved  which  method  is  preferable— the 
two-cylinder,  three-cylinder,  or  four-cylinder 
and  of  the  several  variants  of  these,  which  is  the 


best.  Experiments  have  been  going  on  for  very 
nearly  twenty  years  in  this  country  alone,  and 
it  is  surely  time  that  the  question  was  solved 
decisively  once  and  for  all,  as  it  has  been  in  the 
case  of  steamships. 

A    large     number     of     M.     du 
Another  New      Bousquet's    new    express    tank 

Nord  Tank  •  r       r     .       1       1  ,      cc 

Engine.  engines  for  fast  suburtian  traffic 

are  now  at  workon  the  Cheinin  de 
Per  du  Nord,  and  are  doing  extremely  well.  They 
run  on  twelve  wheels,  the  two  middle  pairs  being 
coupled  to  have  both  leading  and  trailing  four- 
wheel  bogies.  Their  boilers  are  unusually  high- 
pitched  for  tank  engines.  They  have  5  ft.  5  in. 
coupled  wheels,  outside  cylinders  17  in.  by 
23J,  in.,  and  1,395  square  feet  of  heating  surface. 
The  type  is  a  remarkably  good  and  efficient  one 
for  that  class  of  service. 

Some  large  express  engines  of 
"  Atlantic "typs  (he  "  Atlantic  "  tvpe  and  on  M. 

Engine  for  ,-,    1     ,      r       "       ,■     1 

Orleans  Railway,  cle    tjlehn  s    tour-cyiinder    com- 

poimd     principle,     have     been 

designed   by  M.   Solacroup,  the   eminent  chief 

mechanical      engineer     of      the     Paris-Orleans 

Railway,  for  the  heavy  express  service  of  that 

line,  and  are  now  in  course  of  construction.     It 

is  understood  that  thev  will   be  very  similar  to 

those    referred   to    above    in    the    case   of    the 

Chemin  de  Fer  du  Nord. 


EDGAR    SMART,    A.M.I. C.E. 

In  the  preceding  .Article  the  author  discussed  separately  the  various  conditions,  necessary  to  secure 

a  maximum  of  efficiency  in  stamping  mills.     The  present  Article  deals  more  particularly  with 

amalgamating,  and  institutes  an  interesting  comparison  between  the  respective  methods. 


II. 


AMALGAMATION. 

/^^  OLD  ores  have  been  generally  di\-icled  in 
^-^  a  vague  sort  of  way  into  two  classes, 
termed  free  milling  and  refractory  ores  respec- 
tively. That  is  to  say,  when  a  fair  proportion 
of  the  value  contained  in  any  auriferous  material 
can  be  readily  amalgamated  with  quicksilver,  it 
is  termed  a  free  milling  ore.  At  one  time  it 
was  considered  that  gold  which  could  not  be 
recovered  in  this  way  was  in  chemical  combina- 
tion with  other  elements,  such  as  sulphur. 
Nowadays  it  is  generally  admitted  that,  with 
the  exception  of  tellurides  of  gold,  practically 
all  known  ores  contain  their  gold  in  a  free  or 
uncombined  state,  and  that  amalgamation 
difficulties  are  due  to  one  or  the  other  of  the 
following  causes  : — 

1.  The  sickening  of  the  quicksilver  by  certain 
mineral  constituents  present  in  the  gangue, 
antimony  sulphide  being  the  most  troublesome 
in  this  respect,  although  good  work  is  done  in 
Australia  on  ores  containing  up  to  i  per  cent,  of 
this  mineral. 

2.  The  gold  existing  as  a  line  deposit  upon 
and  in  the  crystals  of  iron  pyrites,  so  that  it 
cannot  be  retained  by  the  quicksilver,  but  is 
carried  away  with  the  particles  of  pyrites. 

3.  The  particles  of  gold  being  so  line  that 
they  remain  mixed  with  the  pulp,  and  do  not 
come  in  contact  with  the  quicksilver. 

In  the  first  case,  only  a  part  of  the  gold  can 
be  caught  by  prolonged  pounding  in  the  mortar 


bo.x,  or  by  some  equivalent  method,  and  this  is 
accompanied  by  a  large  loss  of  quicksilver  and 
amalgam.  In  the  second  case,  amalgamation 
in  grinding  pans  is  effective,  but  not  economical, 
owing  to  the  large  cost  for  power  and  the  loss 
of  mercury,  which  latter  is  not  so  great,  how- 
ever, as  in  the  first  case.  In  the  third  case, 
amalgamation  is  quite  unsuitable,  and  in  modern 
practice  no  attempt  is  made  in  the  last  two  cases 
to  catch  the  gold  in  the  mill,  because,  as  already 
mentioned,  more  successful  methods  are  now 
available,  and  experience  has  shown  that  the 
percentage  of  gold  recoverable  from  any  ore  by 
the  best  amalgamation  methods  depends  almost 
entirely  upon  the  relative  amounts  of  coarse  and 
line  gold  present,  and  upon  the  physical  con- 
ditions above  mentioned. 

Any  comparisons,  therefore,  made  upon  the 
basis  of  percentage  extraction,  between  one 
man's  work  and  that  of  another,  or  between  one 
method  and  another,  may  be  utterly  misleading, 
unless  the  same  kind  of  material  is  being  deal: 
with  in  both  cases.  Thus,  for  instance,  on  the 
Bendigo  goldfields,  where  the  treatment  process 
consists  almost  universally  of  crushing  and 
amalgamating,  followed  only  by  concentration 
on  large  canvas  tables,  the  tailings  from  thi.-. 
simple  treatment  average  about  ih  dwts.  to  the 
ton  over  the  whole  district,  the  maximum 
value  for  any  large  quantity  being  about 
2  dwts.  .\ccording  to  the  official  returns  the 
average    recovery  on  over  2,000,000  tons  was 
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8  dwts.  of  bullion,  equal  probably  to  yi  dwts.  of 
fine  gold.  On  the  Rand  goldfields,  at  the  time 
when  only  amalgamation  and  concentration 
were  used  for  gold  recovery,  the  tailings  from 
ore  of  a  similar  grade  would  average  at  least 
::h  dwts.  per  ton,  but  it  would  certainly  be 
absurd  to  infer  from  this  difference  of  results 
that  the  Rand  millmen  at  that  time  were  inferior 
to  their  brethren  in  Bendigo. 

The  next  example  illustrates  the  fact  that  with 
a  given  ore,  the  percentage  of  recovery  by 
amalgamation  is  independent  of  the  value.  In 
Gippsland,  Victoria,  in  a  mill  catching  i  oz.  of 
gold  per  ton  the  tailings  contained  2  dwts.  In 
another  mill,  working  ore  from  the  same  line  of 
reef,  the  recovery  was  2  ozs.,  and  the  loss  in  the 
tailings  was  4  dwts.,  so  that  the  percentage  was 
the  same  in  both  cases. 

It  must  not  be  supposed  that  the  moral  of  all 
this  is  that  skill  and  care  are  unnecessary  in  the 
amalgamation  process;  on  the  contrary,  they  are 
essential  to  success.  But  it  is  necessary  to  get 
rid  of  the  idea,  so  prevalent  in  some  parts  of  the 
world,  that  a  loss  of  gold  in  tailings  is  a  certain 
proof  that  the  battery  work  is  inefficient.  If 
this  were  merely  a  personal  matter  between 
mine  owners  and  employes  it  would  not  be 
necessary  to  elaborate  the  point  in  a  technical 
consideration  of  the  subject  ;  but  it  is  a  matter 
which  in  some  cases  causes  the  total  loss  of  gold 
which  might  be  recovered  by  other  means.  In 
fact,  where  this  opinion  prevails,  the  millman 
who  (from  his  point  of  view)  is  cursed  with  rich 
tailings  dare  not  face  the  fact  and  recommend 
the  application  of  cyanide  or  other  additional 
treatment ;  but  he  endeavours  by  any  means 
possible  to  make  it  appear  that  his  tailings  are 
poor.  One  instance  will  forcibly  illustrate  the 
fact  that  this  feeling  does  really  exist.  On 
one  occasion  a  sampler  was  sent  to  take  samples 
of  tailings  pulp  below  the  canvas  tables  of  a 
certain  mill,  say  in  Australasia,  with  a  view  to 
purchasing  the  current  tailings.  The  manager 
who  represented  the  sellers  had  all  his  canvas 
tables  carefully  cleaned  up  before  the  samples 
were  taken,  so  that  they  should  be  working  at 
their  maximum  efficiency,  and  that  therefore, 
the  tailings  samples  should  be  as  poor  as  pos- 
sible. Naturally,  the  representative  of  the 
buyers  made  no  objection,  but  the  shareholders 
in  the  company  might  have  done  so  very 
reasonably. 


There  is  no  doubt  that  the  recognition  of  the 
natural  limitations  of  the  amalgamation  process 
is  not  only  necessary  for  the  determination  of 
the  best  treatment  of  any  given  ore,  but  it  also 
conduces  to  the  proper  working  of  the  mill.  In 
Johannesburg  it  cleared  the  way  for  the  im- 
provements which  have  so  largely  increased 
the  output  of  the  mills,  without  decreasing  their 
efficiency  in  catching  gold. 

THE     USE    OF     MERCURY. 

The  whole  process  depends  on  the  one 
fundamental  fact  that  clean  gold  readily  amal- 
gamates with  clean  mercury  when  the  two  are 
brought  into  actual  contact.  It  is  not  surprising, 
therefore,  that  many  attempts  have  been  made 
to  achieve  this  result  by  means  of  baflle  plates, 
rifiles,  shaking  tables,  and  the  like,  the  leading 
idea  in  all  such  apparatus  being  to  ilisliirb  the 
flow  of  pulp  as  much  as  possible,  and  to  pro- 
duce currents  and  eddies  which  should  dash 
the  particles  of  gold  against  amalgamated  sur- 
faces. Probably,  every  beginner  in  the  art  has 
been  the  proud  possessor  of  some  such  idea  at 
one  time  or  another  ;  and  only  those  are  truly 
happy  who  have  not  spent  their  own  money  in 
demonstrating  its  inutility  in  practical  work. 

The  other  point  of  view  is  to  disturb  the  pulp 
as  little  as  possible,  and  to  allow  it  to  flow  so 
evenly  and  steadily  that  each  particle  of  gold 
can  gradually  settle  down  through  the  pulp  till 
it  finally  comes  naturally  and  quietly  into  con- 
tact: with  the  amalgamated  plate  beneath  it,  and 
is  thereby  caught.  Of  course,  as  the  pulp  is 
delivered  from  the  mortar  box  in  the  form  of  a 
series  of  splashes  superimposed  upon  a  regular 
flow  of  water,  an  absolutely  even  tlow  cannot 
be  expected,  but,  at  all  events,  by  avoiding  arti- 
ficial means  for  disturbing  the  flow,  better 
results  can  be  obtained  than  otherwise.  The 
credit  of  introducing  on  the  Rand  the  long  un- 
broken surfaces  of  amalgamated  plate  instead 
of  several  short  lengths  with  drops  or  ritfles 
between  them  is  due  to  the  well-known  mining 
engineer,  Hennen  Jennings,  w'ho  demonstrated 
the  advantage  of  the  unbroken  surface  by  means 
of  simultaneous  experiments  on  the  two  systems. 
The  usual  arrangement  now  is  a  lip  plate,  whicli 
projects  a  few  inches  immediately  below  the 
screen  frame,  and  delivers  the  pulp  on  to  a 
splash  plate,  which  is  inclined  downwards 
towards  the  screen,  and  projects  under  the  lip 
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plate.  From  the  splash  plate  the  pulp  is  de- 
livered to  the  head  of  the  table,  and  thence 
Hows  uninterruptedly  along  until  it  reaches  the 
mercury  well  at  the  foot  of  the  table. 

THE    FUNCTION    OF   COPPER    PLATES. 

It  is  obvious  that  if  the  particles  were  brought 
into  contact  with  the  clean  surface  of  a  pool  of 
liquid  quicksilver  they  would  be  amalgamated, 
but  the  amalgam,  being  heavier  than  the  mer- 
cury, would  fall  to  the  bottom,  and  a  surface  of 
mercury  only  would  be  available  for  catching 
more  gold,  while  experience  has  shown  that  a 
surface  of  gold  amalgam  keeps  cleaner  and  in 
better  condition  than  the  quicksilver  alone. 
Therefore,  by  using  a  mercury  film  on  a  metal 
plate,  the  surface  soon  becomes  covered  with  a 
iayer  of  gold  amalgam.  There  are  other  self- 
evident  objections  to  the  use  of  liquid  mercury 
— its  cost,  owing  to  the  quantity  required  to 
form  a  large  continuous  surface,  the  loss  by 
attrition  caused  by  particles  of  ore,  and  the 
impossibility  of  having  an  inclined  surface.  It 
is  only  necessary  to  mention  these  well-known 
facts,  because  they  point  to  the  true  functions 
of  the  copper  plate — namely,  that  it  allows  of 
the  formation  of  an  extended  surface  with  a 
small  quantity  of  quicksilver,  that  it  holds  the 
latter  in  place  and  keeps  the  amalgam  on  the 
surface,  wiiere  it  is  required  to  catch  more  gold. 
In  fact,  it  has  the  same  duty  as  the  glass  in  a 
photographic  plate  ;  it  serves  as  a  support  for 
the  active  film  upon  it. 

A  man  standing  on  the  bank  of  a  river  holding 
on  to  a  tree  with  one  hand  and  reaching  out 
with  the  other  for  floating  sticks  illustrates  the 
position  of  the  quicksilver.  So  long  as  both 
hands  perform  their  function  the  work  is  satis- 
factory ;  if  either  fails,  then  either  the  sticks  are 
lost  or  sticks  and  man  together.  Just  in  the 
same  way  the  quicksilver  is  required  to  seize 
the  particles  of  gold  and  to  hold  on  to  the  plate 
at  the  same  time.  The  one  thing  necessary 
to  enable  it  to  do  both  satisfactorily  is  cleanli- 
ness. 

In  the  first  place,  the  copper  plate  must  be 
absolutely  clean  before  being  amalgamated,  so 
thai  the  film  of  quicksilver  shall  cover  the  whole 
of  its  surface.  This  cleaning  is  usually  done  by 
scouring  with  sand,  and  afterwards  with  wood 
ashes,  or  with  caustic  alkalies,  to  get  rid  of  the 
two  most  potent  enemies  of    the  quicksilver — 


namely,  grease  and  films  of  oxide  on  the  metal 
Perhaps  the   latest  method  of  amalgamating  the 
plate  after  it  has  been  cleaned  is  to  rub  it  over 
wijth  a  solution  of  potassium  cyanide  in  which 
quicksilver  has  been  dissolved.     As  it  is  rubbed 
with  this  solution  its  surface  becomes  gradually 
whitened  by  a  very  thin  deposit  of  the  mercury, 
after  which  either  mercury  or  amalgam  of  gold 
or  silver  will  adhere  to  the  surface  when  rubbed 
on.     But  this  is  only  the  first  stage  of  prepara- 
tion, for  as  soon    as   the  plate   is  in   use,    the 
soluble  sulphates  and  other  bodies  in  the  ore 
form   coloured   patches,  generally  greenish,  on 
the   copper,  and  these   patches  will  not  retain 
the  film  of  quicksilver.     This  is  the  first  matter 
that  needs  the   attention  of   the   amalgamator, 
who  must  constantly   clean   off   these  greenish 
films  and  rub  in  amalgam   until  the  whole  plate 
gets  into  good  condition.     It  is   often  assumed 
that   this  improvement  is  entirely   due   to   the 
gradual  increase  of  gold  amalgam  on  the  surface, 
and  this  is  no  doubt  true   to   a  large  extent,  as 
evidenced  by  the  fact   that  when  crushing  rich 
ore  the  plates  get  into  order  more  quickly  than 
with  poor  stuff.     But  it  is  also  probable  that  in 
the  first  place  only  the  very  outer  surface  of  the 
copper   becomes   coated  with  quicksilver,  and 
that  the  coloured  films,  caused  by  oxidation  or 
other  similar  action,  begin  in  the   pores  of  the 
metal  and  gradu.dly  extend  under  the  mercury, 
which  can  then  no  longer  hold  on  to  the  plate. 
As  the  amalgamation  of  the  copper  penetrates 
into  the  thickness  of  the  plate  and  the  surface 
pores  at  least  are  amalgamated,  it  becomes  in- 
creasingly difficult  for  the  battery  water  to  come 
into  actual  contact  with  metallic  copper,  and 
consequently   no   objectionable    films    can    be 
formed.     With  care  and  patience   new  plates 
can  be  got  into  good  condition   in  a   couple  of 
weeks.     If  might  be  well  asked  whether   any 
great  improvements  have  been  made  in  recent 
years,    or     indeed    whether    any    advance    is 
necessary  or  possible  in   conducting  operations 
so  simple  as  those  just  described.      The  chief 
gain   during   the   last   few  years  has  been  the 
application  of  plain  common  sense  to  the  art  of 
amalgamation  and  the    consequent   disappear- 
ance of   the   professional    "  plate-setter,"    who 
like  a  Kaffir  witch-finder  was  surrounded  by  a 
halo  of  mystery,  and  was  supposed  to  carry  a 
heavy    burden   of   carefully   concealed    special 
knowledge,  enabling  him,  by  proper  nostrums, 
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possibly  mixed  with  spells  and  incantations,  to 
induce  the  plates  to  perform  their  ol'tice. 

SILVER-PLATED     COPPER. 

The  use  ot  electro-silvered  copper  plates  for 
batteries  has  been  strongly  advocated  by  some 
authorities  and  as  strongly  condemned  by 
others.  .As  usual  in  such  cases  the  truth  seems 
to  be  situated  in  the  equatorial  regions  half-way 
between  the  two  opposite  poles  of  personal 
opinion.  It  is  a  reasonable  supposition,  in 
consequence  of  tlie  wide  range  of  variations  in 
the  constituents  of  ores,  that  the  battery  water 
in  some  instances  may  tarnish  copper  more 
readily  than  silver,  and  that  in  other  cases  it 
may  have  exactly  ihe  opposite  effect. 

This  is  at  all  events  a  possible  e.xplanation  of 
some  of  the  differences  of  opinion  which  exist 
on  this  matter.  The  silvered  plate  certainly  has 
the  advantage  that  it  can  be  more  easily  coated 
with  the  mercury  in  the  first  place,  and  that 
when  this  operation  has  been  performed,  the 
whole  surface  is  then  covered  with  silver  amal- 
gam, which  is  less  easily  tarnished  than  a  plain 
mercury  surface.  Therefore  it  may  safely  be 
said  that  generally  in  places  where  inferior 
labour  has  to  be  employed,  the  use  of  electro- 
silvered  plates  will  prevent  loss  of  gold  during 
the  first  few  weeks  of  the  operations,  and  that 
only  in  some  cases,  as  suggested  above,  could 
they  possibly  do  any  harm.  But  when  the 
plate  is  well  amalgamated  all  over,  when  after 
a  few  months'  work  this  amalgamation  has 
penetrated  into  the  plate  and  a  quantity  of  gold 
.amalgam  has  been  retained  upon  it,  and  when 
much  of  the  silver  must  have  been  removed 
witii  the  gold  in  the  periodical  cleaning  up, 
it  is  scarcely  reasonable  to  suppose  that  the 
original  plating  can  have  any  benelicial  effect. 

The  latest  advocate  for  silver-plated  copper, 
Mr.  Edward  Halse,  makes  out  an  excellent  case 
for  it  by  showing  that  at  a  mine  in  Columbia 
a  considerably  larger  percentage  of  gold  was 
caught  on  the  plates,  and  a  correspondingly 
smaller  percentage  on  the  blankets  when  silvered 
plates  were  substituted  for  plain  copper  ones,* 
and  that  this  increase  was  a  permanent  one. 
But  he  then  says  "  it  should  be  mentioned  here 
that  much  more  mercury  was  used  with  the 
plain  copper  than  with  the  silvered  plates,  which 
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accounts  for  a  good  deal  of  the  amalgam  found 
in  the  mercury  traps  and  on  the  blankets  in  the 
former."  Now  this  appears  to  be  the  most  im- 
portant sentence  in  the  whole  paper,  for  as  the 
remaining  conditions  were  fairly  constant,  then 
if  tlie  right  quantity  of  mercury  was  used  with 
the  silvered  plate  it  follows  that  an  excessive 
amount  must  have  been  used  previously  with 
the  plain  copper,  with  the  natural  result 
in  licated.  In  fact  this  one  sentence  explains 
the  whole  of  the  results  in  such  a  simple  and 
convincing  manner,  tliat  the  case  for  tlie  silvered 
plates  so  ably  advanced  seems  to  be  thereby  put 
out  of  court.  It  is  quite  in  accordance  with 
experience  that  excess  of  mercury  will  carry 
amalgam  off  the  plates  on  to  the  blankets  below 
them,  while  it  is  hard  to  understand  how  a 
single  addition  of  one  ounce  of  silver  per  square 
foot  of  plate  can  have  a  greater  permanent  effect 
than  the  many  ounces  of  gold  caught  from  time 
to  time  du'ing  the  continued  working  of  either 
kind  of  plate. 

Mr.  G.  E.  CoUings,  on  the  same  occasion, 
gave  results  of  two  sets  of  comparative  tests 
which  showed  a  greater  return  in  auiali^iim  in 
each  case  from  silvered  copper  than  from  plain 
copper,  but  the  yield  in  melted  gold  was  in  one 
set  greater  and  in  the  other  set  less  from  the 
silvered  plates.  In  other  experiments  between 
new  and  old  silvered  plates  the  results  were 
equal.  So  the  conclusion  from  the  evidence 
seems  to  be  that  while  silver-plating  may  be  ot 
advantage  at  first,  it  makes  no  practical  difference, 
after  a  few  months'  operations. 

INSIDE    AMALGAMATION. 

This  is  another  question  upon  which  widely 
different  views  are  held,  principally  because 
each  man  favours  the  practice  which  gives  the 
best  result  with  the  kind  of  ore  witli  which  he 
is  most  familiar.  When  the  gold  is  nuggety  in 
character  it  is  sure  to  stay  in  the  bo.xes,  whether 
mercury  be  added  or  not,  but  the  addition  ot 
the  mercury  rather  facilitates  the  collection  of 
the  gold  when  the  mortar  boxes  are  cleaned 
out,  and  it  is  therefore  generally  used  with  very 
coarse  gold  and  sometimes  inside  plates  are 
used. 

When  the  gold  is  fine  enough  to  pass  the 
screens  as  quickly  as  it  is  liberated  from  the 
gangue  it  is  a  matter  of  less  importance  as  to 
whether    inside    plates    are    used.     Tiie  main 
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argument  in  t.ivour  of  them  is  that  it  is  wise  to 
catch  the  gold  as  soon  as  possible,  and  that  back 
and  front  plates  receive  nearly  all  that  part  of 
the  splash  which  does  not  strike  the  screen,  so 
that  every  particle  of  gold  is  amalgamated  at  the 
earliest  possible  opportunity.  There  is  one 
necessary  precaution  which  is  not  lost  sight  of 
at  the  present  day,  namely,  that  the  mercury 
necessary  for  the  inside  plates  must  be  added  in 
very  small  quantities  at  frequent  intervals,  in 
order  that  the  outside  plates  shall  not  at  any 
time  receive  an  excess  from  the  mortar  boxes. 

With  very  fine  gold  in  clean  ores  good  work 
is  done  both  with  and  without  amalgamation  in 
the  mortar  boxes. 

QUANTITY    OF    QUICKSILVER. 

The  amount  ot  quicksilver  which  must  be 
supplied  to  the  plates  either  directly  or  througli 
the  boxes  depends  not  only  upon  the  quantity 
of  gold,  but  also  upon  the  size  ot  the  particles 
which  have  to  be  caught.  The  amalgam  on 
the  plates  cannot  be  expected  to  carry  more 
gold  than  the  proportion  found  in  the  squeezed 
amalgam  as  prepared  for  retorting  ;  in  fact,  it 
must  necessarily  carry  less.  This  squeezed 
amalgam  contains  about  25  per  cent,  of  gold 
when  very  fine,  and  up  to,  say,  70  per  cent,  in 
the  case  of  %'ery  coarse  gold.  These  figures 
then  will  give  the  absolute  minimum  quantity 
of  mercury  which  must  be  added  per  ounce  of 
gold  caught.  That  is  to  say,  with  the  fmest 
gold  at  least  3  ozs.  of  quicksilver  should  be 
added  to  the  plates  for  each  ounce  of  gold 
caught  upon  them,  while  for  coarse  gold  one- 
sixth  of  this  would  be  the  minimum  quantity. 
Of  course,  in  practice  more  than  this  is  added, 
and  with  inside  plates  much  more,  because  part 
of  it  settles  down  and  collects  in  the  boxes. 
The  safest  guide  is  the  condition  of  the  jilates. 
When  too  much  is  given  it  can  be  seen  trickling 
slowly  in  little  streams  along  the  plate,  and, 
although  most  of  this  excess  is  caught  in  the 
mercury  trap  at  the  foot  of  the  table,  some  of  it 
is  liable  to  be  lloured  and  lost.  And  l.iss  of 
quicksilver  from  the  plates  means  also  loss  of 
fine  gold.  If,  on  the  other  hand,  too  little  is 
given,  the  gold  amalgam  on  the  plates  becomes 
dry  and  friable,  and  is  liable  to  be  carried  away 
by  the  attrition  of  the  grains  of  sand.  Amalgam 
in  fit  condition  to  catch  gold  should  appear 
uioisl  and  gniiiiilar,  but  not  wet.i 


WATER    SUPPLY. 

The  water  used  in  the  battery  may  be 
considered  in  the  first  place  as  the  vehicle  by 
means  of  which  the  crushed  ore  is  transferred 
from,  the  mortar  box  and  carried  over  the  plates ; 
and,  secondly,  as  the  medium  through  whicli 
the  gold  can  settle  down  on  to  the  plates  while 
the  gangue  particles  having  less  specific  gravity 
are  carried  forward  by  the  current.  As  regards 
the  first  function,  the  quantity  required  will 
necessarily  vary  with  the  nature  of  the  ore,  but 
in  any  given  case  the  effect  of  altering  the 
quantity  can  be  ascertained  by  a  series  of 
grading  tests  on  the  pulp  produced. 

The  following  example  of  such  tests  is  taken 
from  a  paper  read  by  Mr.  John  McConnell,  ot 
New  Zealand,  before  the  Institution  of  Mining 
and  Metallurgy.*  It  is  particularly  interesting 
as  showing  what  occurs  when  very  fine  screens 
and  very  limited  quantities  of  water  are  used, 
as  well  as  illustrating  the  method  of  testing. 

1.  Crushing  with  2  tons  of  water  per  ton  of 
ore  : — 

Sand    retained    on       do-niesh  screen    3  p.c. 
90-  „  21    ,. 

..     passed  through    90-  „  76    .. 

2.  Crushing  with  4  tons  of  water  per  ton  of 
ore  : — 

Sand  retained  on  60-inesh  screen  13-5  p.c. 

,.  'JO-  ..  205    „ 

,.     passed  through  (>o-  „  660    „ 

As  these  tests  were  made  for  a  special  object, 
no  results  are  given  with  larger  quantities  of 
water,  but  they  show  that  the  increase  of  water 
from  2  tons  to  4  tons  reduces  the  amount  of  very 
fine  stuff  by  10  per  cent.  The  next  example 
shows  the  result  of  crushing  Rand  ore  with 
about  9  tons  of  water  per  ton  of  ore.  As  the 
material  is  different  and  the  battery  screen  was 
coarser,  it  cannot  be  rigidly  compared  with  the 
figures  given  above.  The  test  was  made  by 
Mr.  A.  F.  Crosse,  of  Johannesburg,!  and  mav 
be  taken  as  typical  of  the  results  obtained 
there. 

Sand  retained  on  30-mesh  screen    625  p.c. 

(XI-  ..  JIC30    ,, 

9c-  j;i)'o<i    ,. 

1-0-  <>-'5    ,, 

„     passed  through  120-  -5'30    1. 

•  Vol.  VII.,  p.  J6,  tl  Sf<l. 

t  Prucccdiiigs  ot'  Chctiiicil  .iiid  Mct.iIlurL:ii::it  Sitcicty  of  South  Africa, 
vol.1.,  p.  325. 
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Returning  to  the  second  function  of  the 
water,  namely,  as  a  medium  for  the  settlement  of 
the  gold,  it  is  clear  that  the  slower  the  velocity 
of  the  stream  the  more  rapidly  can  the  settle- 
ment take  place  ;  but,  on  the  other  hand,  a 
sufficient  state  of  flow  must  be  maintained  to 
just  carry  off  the  heaviest  particles  of  tiie 
gangue,  and  it  is  this  limiting  velocity  which  is 
aimed  at  in  practice.  The  required  velocity  is 
quitea  separate  question  from  the  quantity  of 
water,  and  it  is  attained  by  the  inclination  given 
to  the  tables.  Thus,  with  a  gangue  of  clean 
quartz,  finely  crushed,  a  slope  of  i  in.  per 
loot  is  sulTicient.  With  iron  pyrites  present, 
and  with  700-mesh  screens,  li  in.  per  foot  is 
used  ;  and  with  ores  containing  heavy  minerals, 
such  as  galena,  2h  in.  per  foot  is  required.  In 
most  cases  a  few  particles  of  mineral  or  of  black 
sand  may  be  seen  clinging  to  the  surface  of 
the  amalgam.  Having  determined  the  velocity, 
the  quantity  of  water  supplied  must  then  be 
sufficient  to  keep  the  plates  well  covered  ; 
and  where  tiie  quantity  passing  through  the 
boxes  is  not  enough  for  this  purpose,  it  is  usual 
to  provide  an  e.\tra  supply  at  the  head  of  the 
plates  outside  the  bo.xes.  An  excess  of  water 
does  not  cause  a  proportional  increase  in  the 
rate  of  flow,  and  up  to  a  certain  point  the  settle- 
ment of  the  gold  is  probably  assisted  by  the 
dilution  of  the  pulp.  Up  to  the  present  time  the 
tendency  has  been  towards  liberality  in  water 
supply  ;  but  it  is  possible  that  the  New  Zealand 
practice  of  crushing  with  limited  quantities  of 
cyanide  solution  may  be  followed  in  other 
countries  where  the  gold  is  in  a  similarly  tine 
condition. 

SAVING    WATER. 

There  are  many  places  where  the  quantity  of 
water  available  is  strictly  limited,  and  where 
every  care  has  consequently  to  be  taken  to  pre- 
serve it  for  use  over  and  over  again.  The 
statement  tliat  a  mill  requires  6]  gallons  per 
stamp  per  minute  does  not  look  very  large  ;  but 
when  the  total  quantity  used  in  a  year  is 
reckoned  up  and  compared  with  the  rainfall,  the 
result  is  somewhat  startling.  As  an  example 
take  a  loo-stamp  mill,  crushing  500  tons  of  ore 
with  4,500  tons  of  water  daily  ^-  144,000  cubic 
feet.  At  360  days  per  annum,  this  is5i,X4o,ooo 
cubic  feet,  which  is  equal  to  one  inch  of  rainfall 
over  22'3  square  miles  of  country. 

The  most  obvious  means  for  saving  water  is 


the  provision  of  settling  dams  of  large  capacity 
for  the  clarification  of  the  water,  these  being 
preferably  situated  below  the  mill,  so  that  clear 
water  only  has  to  be  passed  through  the  pumps. 

Settling  boxes,  with  pointed  or  Hat  bottoms, 
and  also  small  settling  dams,  shovelled  empty  at 
intervals,  have  been  often  used  for  this  purpose 
with  some  success.  But  in  recent  years  on  the 
Rand  goldtields,  the  methods  primarily  tlesigncd 
for  the  precipitation  of  the  battery,  sands  and 
slimes  for  immediate  further  treatment  have  led 
to  the  development  of  an  excellent  system  of 
saving  and  clarifying  water,  so  that  it  can  at 
once  be  returned  to  the  mill.  Briefly  described, 
this  includes  first,  the  elimination  of  coarse  sand 
in  spitzlutten  ;  secondly,  the  separation  of  fine 
sand  in  overflow  tanks  ;  thirdly,  the  addition  of 
quicklime  ;  and  fourthly,  the  settlement  of  the 
slime  in  a  large  spitzkasten  so  completely  that 
the  water  is  at  once  fit  to  use  again.  At  the 
Matterhorn  Mine,  in  America,  a  similiar  system, 
on  a  small  scale  and  without  tiie  use  of  lime, 
was  successfully  employed,*  and  75  per  cent,  to 
80  per  cent,  of  the  battery  was  returned  for  re-use. 

The  following  sizes  are  found  suitable  for  the 
spitzkasten  with  Johannesburg  ore  when  lime 
is  used.  Width  o'55  foot  for  each  cubic  foot  of 
pulp  delivered  per  mhiute,  and  the  length  from 
two-thirds  to  three-quarters  of  the  width.  In 
order  to  avoid  an  excessive  depth  the  spitzkasten 
are  divided  into  a  number  of  divisions,  each 
being  about  5  ft.  square,  and  each  having  a 
separate  pointed  bottom  and  outlet,  .^t  the 
Matterhorn  Mine  above  mentioned,  a  spitzkasten, 
6  ft.  wide  and  10  ft.  long,  was  used  for  each  five 
stamps,  the  allowance  being  3'33  ft.  of  width  for 
e.th  cubit  foot  of  pulp  per  minute  ;  that  is,  six 
times  the  width  allowed  in  Johannesburg.  The 
difference  is  apparently  due  to  two  causes: 
First,  the  absence  of  lime  in  the  Matterhorn 
case,  and,  secondly,  the  extreme  iineness  of  the 
pulp,  as  evidenced  by  the  (act  that  79  per  cent, 
of  tlie  whole  product  passed  through  a  loo-mesh 
screen.  The  two  cases  may  be  taken  as  repre- 
senting the  extreme  limits  of  practice  in  either 
direction  in  connection  with  the  settlement  of 
slime. 

MILLING    V.     AMALGAMATING. 

Having  now  considered  separately  the  most 
important  points  connected  with    milling  and 
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am:il'4i'n:ition,  a  few  words  may  be  s:iid  on  the 
que-iti  in  raised  in  the  early  part  of  this  article  as 
to  whethera  high  stamp  duty  necessarily  involves 
a  loss  of  gold  which  might  otherwise  be  caught 
on  t  le  plates.  Where  the  gold  is  coarse  it 
settles  so  readily  in  the  boxes  and  on  the 
plates  that  it  cannot  be  imagined  for  a  moment 
that  HIV  rate  of  crushing  practically  possible 
could  affect  the  percentage  recovered  by 
amalg  miation.  So  far  as  the  plates  are  con- 
cern ■  1,  an  increase  of  output  must  result  in  one 
of  tw  .  things — either  the  pulp  will  carry  more 
solid  m.itter  per  unit  of  volume  if  the  water 
supplv  remains  constant,  or  there  will  be  a 
greater  depth  of  pulp  on  the  plates  if  the  water 
suppl-  is  increased.  In  either  case  it  is 
possible  to  suppose  that  a  limit  may  be  readied 
in  time  which  will  interfere  with  the  rapid 
settlement  of  very  fine  gold  on  the  surface  of 
the  pi  ites  ;  but  up  to  the  highest  stamp  duty 
yet  attained  this  effect  is  likely  to  be  negligible, 
bwin^  to  variations  in  ores  and  in  other 
conditions,  it  is  difficult  to  get  figures  whicli 
can  b;  cDinpared  with  strict  fairness,  but  the 
followiu'.^  tables,  compiled  from  the  annual 
reporu  of  the  two  Johannesburg  companies, 
bear  1)  it  the  above  statement  : — 

TABLE      III.    -RETURNS     FROM     CROWN     REEF 
GOLD     MINING     COMPANY. 


Yt-  .1-. 

Tonnage. 

Tons  per 
i^tjnip  per 
24  hours. 

i'ercentaj'e  of 
Ore  value 
recovered  in 

Mill, 

1895-6 
lSi)()-7 
iMi,7-S 
iS9-!-9 
190; 

209,442  ' 
199,898 

1S5.179 

202,456 

12,269 

5111. 

471)5 
4  6o,S 
4-yoS 
5-446 

52-901 
50010 
578of) 
56420    , 

TABLE    IV.     RETURNS    FROM   SIMMER    AND    JACK 
PROPRIETARY     MIJMSS,    LTD. 


Tons  per 

Gold  caught  in 

Yiir. 

Tonnage. 

stamp  per 

Mill. 

24  hours. 

Dwts.  per  ton. 

1897 

i2.S-.-525 

4 '37 

5-«3 

.^5,740 

480 

0-25        • 

IN98 

79,800 

4-47 

508 

,, 

10.^.44'^ 

5-02 

6-13 

,. 

115,090 

527 

635 

123.540 

5-3«     • 

f,-57 

i.-<99 

1 29,4.10 

537 

673 

133710 

547 

6 -.15 

128,639 

5-4' 

5-61 

It  will  be  observed  that  neither  -table  shows 
any  indication  of  loss  of  gold  as  a  consequence 
of  increased  stamp  duty. 

A    RECENT   RAND     MILL, 

The  mill  of  the  Lancaster  West  G.  M.  Com- 
pany commenced  crushing  only  a  few  montlis 
before  the  war,  and  will  serve  as  an  example  of 
the  very  latest  Johannesburg  practice.  The 
following  particulars  are  obtained  from  the 
company's  annual  report :  — 

The  ore  breakers  are  situated  at  the  back  of 
the  mill  below  the  ground  level,  so  that  the  ore 
can  be  conveniently  delivered  to  them  in  trucks 
from  bins  at  the  headgear.  The  broken  ore 
passes  into  bins  below  the  breakers,  and  thence 
is  carried  to  the  top  of  the  mill  by  a  Reedy 
elevator.  There  are  two  crushers  of  the  BlaUe- 
Marsden  type,  24  in.  by  14  in.  The  mill  is 
provided  with  exceptionally  large  ore  bins, 
their  capacity  being  equal  to  four  and  a  h  ilf 
days'  crushing.  There  are  forty  stamps,  weigh- 
ing 1,250  lbs.  each.  The  engine,  supplied  by 
the  Erste  Brnnner  Maechinen  Fabrik,  is  a 
compound  tandem  with  high-pressure  cylinder 
of  185  in.  diameter,  low-pressure  cylinder,  30  in. 
diameter,  and  with  a  3  ft.  stroke.  It  is  estimated 
to  drive  100  stamps  if  necessary.  The  rock 
breakers  are  driven  by  a  similar  engine,  whose 
dimensions  are  15I  in.,  25I  in.,  and  31^  in  , 
respectively.  Surface  condensers  are  used,  and 
water-tube  boilers  supply  the  steam. 

This  mill  started  towards  the  end  of  M.iy, 
1899,  and  was  stopped  in  the  middle  of  October 
of  the  same  year,  on  account  of  the  then 
impending  war,  and  during  this  short  period  it 
crushed  31,730  tons  of  ore  in  123-3  days,  actual 
running  time,  which  works  out  at  6-43  tons  per 
stamp  per  day. 

COST    OF    MILLING. 

A  great  deal  might  be  said  on  this  section  1  )f 
the  subject,  but  the  following  miscellaneous 
collection  of  official  figures  will  stiflicientiy 
illustrate  the  great  variation  of  working  cost, 
caused  by  local  conditions  to  some  extent,  but 
which  of  course  are  largely  due  to  the  scale 
upon  which  operations  are  conducted.  Tlie 
examples  have  been  taken  almost  at  random 
from  the  enormous  amount  of  such  useful 
information  to  be  fotind  in  the  reports  •  i 
Chambers  of  Mines  and  Mining  Companies. 
Where  possible,  the  tonnage  crushed  is  inserted. 
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as  well  as  the  cost,  together  with  other  infor- 
mation which  affects  the  cost  :— 

1.  Guests  Gold  Mine,  Mt.  Morgan,  \V..\.. 
June,  IQOO: — 

Crushed  695  tons  for  343  ozs.  bullion. 
Cost   of   milling,    including   water   supply, 
14s.  per  ton. 

2.  Lady  Loch,  W.A.     June,  1900: — 
Crushed  750  tons  for  602  ozs.  bullion. 
Cost  of  milling,  7s.  8d.  per  ton. 

3.  Hill  End,  W.A.     May,  1900: — 
Crushed  770  tons  for  642  ozs.  bullion. 
Cost  of  .milling,  9s.  4d.  per  ton. 

4.  Vale  of  Coolgardie.     June,  1900  : — 
Crushed  1,040  tons  for  601  ozs.  bullion. 
Per  stamp  per  24  hours,  3-6  tons. 
Cost  of  milling,  8s.  lod. 

5.  Norseman  Gold  Mines,  W.A.  June, 
1900 : — 

Crushed  2,244  ^^ons  for  785  ozs.  bullion. 
Per  stamp  per  24  hours,  335  tons. 
Cost  of  milling,  6s.  3d. 

6.  Sons  of  Gwalia,  Leonora  district,  W.A. 
Average  of  nine  months  in  1900,  during  which 
33,812  tons  were  crushed  : — 


Ore  transport 
Milling 
Maintenance 
General  charges 

Total 


7.  Wentworth     Mine,    New     South    Wales. 

were 


s. 

d. 

0 

10-68 

5 

021 

0 

590 

0 

8-23 

7 

1-02 

Year     1898,    during    which 
crushed  : — 

1,898 

tons 

d. 
10-2 
1-6 
20 
05 
3 '7 

Labour 

Fuel 

Stores  

Maintenance  ... 
Management 

0 

I 
0 
1 
0 

Total 


s. 

d. 

I 

2-19 

2 

386 

3 

6-05 

Sorting,  tramming  and  breaking 
Milling    ...  

Total 


9.  Robinson  Mine,  Johannesburg,  December, 
1901  (during  the  war): — 

Crushed,  8,036  tons. 

Milling,  including  maintenance,  2s.  iiT2d. 

Concentrating,  including  maintenance,  5'57d. 

10.  Crown  Reef  Mine,  Johannesburg,  1895  to 
1899  :— 


Year       

Tons  crushed 


Engine-rooin  expenses 
Mill-working  cost 

Pumping  station 

Maintenance 

Assay  ol^ce 

Electric  light        

Totals      ... 


209,442 

s.  d. 
o  9-00 1 
o  7-2«3 
o  4-30S 
o  8710 
o  o  706 

O   C  722 


199,898 

s.  d 
o  9-8j8 
o  8142 
0  4-552 
o  8  117 
o  0780 
0  0714 


7-330 


2  S-I30 


1897-8 

1.S98-9. 

1 8.1.1-9 

202,456 

s.     d. 

s.     d. 

0  8-,S.,5 

0  8727 

0  8-285 

0  6-617 

0  fr9[2 

0  5 -'^8 

0  9-562 

0  10-646 

0  0-952 

0  0  931 

0  0-720 

0  0-S94 

2  n-288 

2  9-806 

The  uniformity  during  so  many  years  of  the 
total  costs  in  this  last  example,  and  also  of  the 
individual  items,  may  be  noted  as  an  indication 
of  the  perfect  control  which  can  be  maintained 
over  an  enormous  expenditure  by  means  of  the 
detailed  accounts  and  systematic  analyses  of 
costs  which  are  characteristic  of  Rand  mining. 
Owing  to  the  exceptionally  complete  technical 
information  published  by  the  management  of 
this  company  the  analysis  of  the  costs  for  1898-9 
can  also  be  given  in  the  following  way  : — 

s.        d. 

European  wages 

Kaftir, wages,  including  food 

Materials  and  tools... 

Fuel  ... 

Ligliting        

Workshops  ... 


0 

8-914 

0 

2  no 

0 

n-280 

0 

7-356 

0 

0894 

0 

j^5^ 

Total,  as  above 


9-806 


8.  Lancaster  West  Mine,  Johannesburg,  with 
mill  described  above  : — 


Considering  the  high  cost  of  all  white  labour 
and  of  materials  in  Johannesburg,  and  that  the 
Kaftir  labour  has  very  little  effect  on  the  cost  of 
the  mill  work,  the  above  figures,  which  are 
fairly  representative  of  the  whole  district,  show 
how  cheaply  the  work  can  be  carried  on  under 
the  beneficent  combination  of  large  tonnage 
and  efficient  management. 
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A    RESUME    OE    riACMINE    TOOLS,    C«3rSES,    AND    EOUNDIi/ 
naiTERS    EOK    THE    nONTH. 


A    LATHE     FOR      4-INCH     BAR     WORK. 

A  XEW  latlic  lias  been  desij^ned  by  Clark's 
-^*-  Engineering  and  Machine  Tool  Company, 
Ltd.,  of  Luton,  for  exceptionally  heavy  bar 
work.  The  hollow  spindle  is  bored  out  to  4^  in. 
diameter,  and  the  lathe  is  capable  of  reducing  a 
4-in.  bar  to  I ))  in.  diameter  at  one  cut.  One  of 
similar  design  is  made  for  3-in.  bars,  and  the 
firm  is  about  to  bring  out  one  for  dealing  with 
6  in.  stock.  Lathes  of  such  capacity  and  power 
as  these  render  much  bar  work  less  costly  than 
machined  forgings. 

The  general  build  of  the  lathe  is  English, 
modified  by  the  hollow  spindle  and  the  un- 
usually massive  proportions.  Besides  heavy 
bar  work  it  will  do  all  that  an  ordinary  sliding, 
surfacing,  and  screw  cutting  lathe  is  capable 
of  performing.  It  is  driven  by  a  4-in.  belt, 
and  is  back  geared,  the  gears  being  encased. 
The  back  shaft  has  three  changes  of  speed  for 
sliding  and  surfacing  by  differential  gears,  which 
are  put  into  operation  by  a  lever  in  front, 
below  the  headstock,  and  without  stopping  the 
machine.  The  common  English  type  of  saddle 
is  employed,  but  it  has  two  rests.  The  one  in 
front  carries  four  tools,  and  can  be  revolved  to 
bring  either  tool  into  operation,  and  a  stop  is 
fitted  for  transverse  adjustment.  The  other 
rest  at  the  back  of  the  cross  slide  carries 
cutting-off  or  forming  tools.  This  can  be 
removed,  and  a  screwing  die  head  put  in  its 
place  for  screwing  the  ends  of  pins,  etc.,  up  to 
2^  in.  diameter. 

The  headstock  caps  are  set  at  an  angle  with 
the  base,  so  reducing  the  strain  on  the  studs, 
and  improving  the  adjustment  sideways,  instead 


of  up  and  down  only.  A  hinged  bar  support  is 
seen  at  the  rear,  and  a  cupboard  for  tools  under 
the  head.  OrcHnary  forged  tools  are  used.  The 
lead  screw  is  protected  by  a  long  cap  ;  a  waste 
oil  tray  lies  below  the  bed  ;  the  ribs  of  the 
loose  poppet  are  cut  away  to  clear  the  handle 
of  the  slide  rest,  and  the  change  gears  are 
massive,  harmonising  thus  with  the  general 
design.  Such  a  lathe  as  this  should  be  an  acqui- 
sition in  those  shops  where  there  is  not  a  sufli- 
cient  volume  of  work  for  automatics  or  heavy 
turret  lathes. 

HIGH     SPEED     TOOL      STEELS. 

Unusual  rivalry  is  l)eing  manifested  in  the 
production  of  high  speed  tool  steels,  following 
the  Taylor-White,  shown  in  operation  at  Vin- 
cennes  in  1900,  and  several  firms  now  offer  such 
steels.  A  Manciiester  committee  has  made 
arrangements  for  the  testing  of  samples  of  these, 
offered  by  eight  local  lirms.  Sir  W.  G.  Arm- 
strong, Whitworth,  and  Co.  have  brought  out  a 
steel  of  their  own  brand  which  they  claim  has 
beaten  the  Taylor- WJiite  by  25  per  cent,  in 
cutting  speed,  thougli  the  cutting  was  continued 
for  more  than  twice  the  length  of  time.  A 
tool  has  been  run  for  forty-five  minutes  at 
150  ft.  per  minute,  with  a  -,'„-  in.  cut,  and  -,'„  in. 
traverse.  A  Shcflicld  firm  has  an  air- 
hardened  steel  which  has  tooled  a  hard  cast 
steel  pump  plunger  at  80  ft.  a  minute,  lasting 
for  forty  minutes  without  injury  to  the  tool,  in 
this  case  with  a  cut  of  :  and  ,\-  in.  feed.  Other 
severe  tests  have  been  given  in  which  the  tools 
have  retained  their  edges.  We  shall  hear  more 
of  these  high  speed  steels.     A  result  is  that  stiff 
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lathes  have  to  be  manufactured  to  endure  the 
higher  stresses  imposed  by  such  severe  cutting. 

DRILLING    EXTRAORDINARY, 

The  great  interest  wliich  attaclies  to  any 
reported  increase  in  the  amount  of  metal  re- 
moved in  a  given  time  by  cutting  tools,  illus- 
trates the  great  importance  of  this  subject  in 
competitive  production.  The  new  machines 
and  tools  give  an  enormous  outjiut  compared 
with  the  older  ones.  But  the  difference  between 
some  of  the  modern  kinds  and  the  older  ones 
is  not  much  less  than  that  between  these  and 
hand  labour.  This  fact  has  received  illus- 
tration lately  in  two  directions,  the  work  of 
twist  drills,  and  in  the  high  speed  steels,  just 
instanced. 

The  Morse  table  of  speeds  for  drills  is 
generally  accepted  as  the  best  standard  for  the 
use  of  up-to-date  shops,  and  higher  than  the 
practice  of  the  older  shops.  But  the  Bickford 
Drill  and  Tool  Company  have  recently  been 
exceeding  these  performances,  employing  feeds 
so  coarse  that  the  marvel  seems  that  the  drills 
have  not  been  broken.  The  firm  has,  in  several 
experiments,  tested  the  drills  to  destruction  ; 
but  in  some  instances  the  experiments  were 
stopped  by  the  slipping  of  the  belt.  The 
Morse  table  recommends  for  ]-in.  drills  a  feed 
of  '005  in.  per  revolution  ;  for  a  h  in.  drill  '007  in. 
per  revolution.  The  Bickford  practice  gives  a 
feed  of  -025  in.  for  drills  from  |  to  i-in.  For 
|-in.  drills  the  Morse  feed  is  'oio  in.  per  revolu- 
tion ;  the  Bickford  feed  for  Vin.  to  i-in.  drills 
is  '035  in.  per  revolution,  and  these  differences 
are  paralleled  in  other  sizes. 

Tests  made  to  destruction,  on  a  ]-in.  drill, 
drilling  in  cast  iron,  showed  that  a  rate  of  feed  of 
•047  per  revolution  was  required  to  break  the 
drill,  and  one  of  -064  on  a  iV-in.  drill.  A  -J-in. 
drill  could  not  be  broken  with  a  feed  of  '064  in. 
per  revolution,  at  267  revolutions  per  minute.  In 
one  case  a  1  |-in.  drill  working  in  machinery  steel 
did  not  break  until  the  feed  was  increased  to 
I  in.  per  revolution.  A  feed  on  a  lyVin.  drill, 
also  in  steel,  gave  a  chip  measuring  7;°„- in.  in 
thickness,  at  which  the  machine  was  pulled  up. 
The  drills  used  were  ordinary  commercial 
ones,  and  the  Bickford  Company  attribute  these 
results  to  the  form  of  the  arm  of  the  machine, 
which  is  tubular,  and  therefore  well  designed 
to  resist  torsional  stress. 


This  machine  was  one  which  was  introduced 
last  year.  It  is  noteworthy,  because  cone  pulleys 
are  abandoned  and  a  nest  of  gears  substituted  for 
effecting  changes  in  speeds.  One  of  the  advan- 
tages of  this  design  is,  that  such  a  machine 
can  be  driven  electrically  with  a  constant  speed 
motor,  which  is  preferred  by  many  to  the 
variable  speed  type.  Another  is,  that  when 
belt  driven,  the  belt  is  not  slowed  down  for 
heavy  cutting,  as  is  the  case  when  cone  pulleys 
are  used.  Then  there  is  the  rapidity  with 
which  changes  can  be  effected.  Sixteen  spindle 
speeds  are  obtainable  with  the  gear  box,  and 
back  gears,  arranged  in  geometrical  progression 
from  16  to  256  revolutions  per  minute.  These 
rapid  changes  and  feeds  enable  the  machine  to 
turn  out  a  large  quantity  of  work.  A  sample 
of  this  is  an  iron  plate  i  in.  thick,  in  which  15 
holes,  ranging  from  },-  in.  to  3.V  in.  were 
drilled  within  27  minutes,  which  included 
changing  of   15  drills,  and  speeds. 

INSERTED    VEES. 

A  curious  recent  American  patent  is  for 
inserted  vees  in  machine  slides.  The  vees  are 
of  steel,  and  the  idea  is  to  delay  their  wear 
for  an  indefinite  period.  They  are  hardened 
and  afterwards  ground  in  place.  The  project- 
ing vee  is  fitted  by  a  tongue  running  longi- 
tudinally, the  recessed  vee  fits  in  a  recess 
which  is  very  slightly  beyond  hemispherical  in 
shape.  The  vees  in  American  lathe  beds  are 
objectionable  from  the  point  of  view  of 
durability,  hence  the  desirability  of  using 
insertion  strips  of  hardened  steel. 

A    NEW    DISC    GRINDER. 

The  disc  grinders,  in  which  emery  cloth  is 
cemented  on  steel  discs,  have  come  into  favour 
very  rapidly  during  the  last  three  years.  Several 
are  now  manufactured  both  in  England  and 
America.  The  latest  design  is  that  of  Messrs. 
C.  W.  Burton,  Griffiths  and  Co.,  of  Ludgate 
Square,  London,  E.C.,  and  it  embodies  a  number 
of  excellent  practical  features,  making  it  a  very 
high-class,  fine  precision  machine.  The  two 
tables  are  carried  on  bars,  which  are  adjustable 
vertically  in  guides  in  which  they  are  clamped. 
Their  mass  is  exactly  counterbalanced  by  chains 
and  weights.  The  guides  have  long  bosses, 
which  embrace  a  3-in.  steel  shaft  that  passes 
through   the  base,   near  the   front,  and  plumb 
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beneath  the  locality  where  the  grinding  is  done. 
The  guides  have  a  transverse  movement  to  and 
fro  along  the  shaft,  fine  adjustment  being 
effected  by  a  hand  wheel  and  screw,  a  movable 
index  and  stop.  The  guides  also  swing  upon 
the  shaft,  so  that  work  can  be  surfaced  across 
the  wheels.  The  tables  are  each  pivoted  on  a 
stout  pin  for  vertical  angles.  They  are  locked 
square  by  a  Morse  taper  pin.  Horizonal  angles 
are  obtained  by  a  gauge,  set  by  a  scale  on  the 
edge  of  the  table  and  clamped.  Tee  slots  are 
provided  for  holding  work  down. 

The  spindle — i'}in.  in  diameter — is  hardened 
and  ground,  and  runs  in  long  bearings  of  gun- 
metal,  with  a  self-oiling  ring.  The  emery  cloth 
is  cemented  on  the  large  discs,  which  are 
of  annealed  steel  20  in.  in  diameter.  These  are 
attached  to  the  smaller  bosses  behind  them, 
which  are  shrunk  and  keyed  on  the  spindle 
ends.  The  discs  are  retained  in  place,  each 
with  a  collar  registered  into  the  boss,  and 
fastened  with  a  left-hand  screw  on  the  spindle 
end.  The  cloth  is  cemented  on  the  discs  in  a 
press,  which  is  fitted  at  the  back  of  the  machine, 
instead  of  using  a  separate  press  stand,  thus 
economising  space.  Ample  protection  is 
afforded  to  the  bearings  against  access  of  grit, 
and  the  details  of  the  machine  are  worked  out 
very  well. 

FOUNDRY    MATTERS, 

A    new    brass    melting    furnace    has     been 
designed  by  Mr.  W.  Mayer,  of  Dumbarton,  and 
is  manufactured  by  Messrs.  Hardie  and  Gordon, 
ot  Dumbarton.     It  belongs  to  the  air  furnace 
class,    but   possesses  several   original  features, 
one  being  the  form  in  plan,  which   is  tapered 
from  front   to   back,  with    an   arrangement  of 
regulating    shutters,     exceptionally    deep    fire 
bars,  and  a  deep  reservoir  or  well  for  the  molten 
metal.     The    firing   is    done    from    the  broad 
end  of  the  furnace.     Air  is  admitted  on  each 
side  of  the  iiring  door,  through  sliding  shutters, 
an  air  portway  is  formed  at  the  bottom  of  the 
lire  door,  and  another  just  above  the  fire  bars, 
suitably  proportioned  to  the  grate  area.  Through 
another  opening  below,  air  is  admitted  above 
the  fire  bars.     The  latter  are  of  great  depth— a 
foot  or  more — hanging  right  down  into  the  ash- 
pit.    Air   in    passing    up    through    these    bars 
mixes  with  the  air  which  is  drawn  in  above  the 
bars,  and    produces   thorough   combustion    of 
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the  gases.  The  bridge  is  high,  and  the  roof 
deeply  arched.  The  well  behind  the  bridge 
receives  the  molten  metal,  where  there  is  less 
heat  than  at  the  throat,  and  less  risk  of 
volatilization.  The  sight  hole  and  the  tap 
hole  and  spout  are  at  one  side,  or  tapping  may 
be  arranged  for  both  sides.  The  furnace  is 
built  generally  as  in  other  designs  with  cast 
iron  plates,  brick  lined,  and  one  end  is 
supported  on  rollers  to  permit  of  longitudinal 
expansion  by  heat.     It  is  portable. 

The  furnace  burns  hard  coal,  and  is  very 
economical,  melting  1  cwt.  of  brass  with  an 
average  consumption  of  h  cwt.  of  coal.  Three 
and  a-half  hundredweights  is  worked  off  in  one 
heat,  and  six  or  more  heats  of  that  weight  can  be 
melted  in  a  day,  or  twelve  heats  or  more  with 
lesser  quantities.  The  average  loss  in  melting 
gun-metal  is  2  per  cent.,  common  brass  3  per 
cent.,  yellow  brass  4  to  6  per  cent.  The  brass 
is  tapped  into  a  ladle,  as  in  the  case  of  iron 
running  from  a  cupola.  Iron  and  other  metals 
can  be  melted  in  small  quantities  in  the  furnace. 

CRANES, 

The  writer's  experience  in  the  crane  industry 
goes  back  to  the  period  when  the  application  of 
steam  power  was  still  a  novelty,  and  when  hand 
and  hydraulic  cranes,  chieHy  the  former,  were 
in  service.     The   applications  of  air  and  elec- 
tricity were  not  as  yet  entertained.     There  are 
many  cranes  yet  in  existence  which  date  very 
long  prior  to  that   period.     Some  of  these,  of 
uncertain  age,  are  timber  framed, with  stones 
for    balance,  and    having    barrel    wheels  with 
spider-like  arms  and  narrow  teeth,  and  are  keyed 
on  square  shafts.     Some  of  these  are  still  doing 
occasional  work.     Many  are  of  the  well  type — 
that  is,  in  which  the  post  of  cast-iron  goes  down 
deeply  into  the  ground,  and  is  stepped  into  a 
casting   at   the  bottom   of    a   well  of  masonry. 
This  type  is  often  half  a  century  and  upwards 
old.     Such   cranes    are    still  working  within  a 
radius  of  a  few  miles  of  the  writer's  home.    The 
contrast  between  cranes  of  this  kind  and  the 
modern  types  is  sufficiently  startling  to  call  for 
some  observations  thereon. 

A  number  of  circumstances  have  combined 
to  bring  about  this  change.  It  is  not  only  that 
the  demand  for  labour-saving  devices  in  handling 
material  has  become  as  great  a  feature  in  modern 
industry  as  the  demand  for  increased  production 
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of  machine  tools.  But  for  the  fact  that 
many  developments  have  greatlj'  favoured  the 
growth  of  big  and  highly  mobile  cranes,  we 
should  not  yet  have  seen  giants  capable  of 
lifting  a  couple  of  hundred  tons,  of  a  hundred 
feet  radius,  and  bridge  cranes  of  200  ft.  span 
and  more.  As  long  as  timber,  cast-iron,  hand, 
and  steam-power  were  the  principal  elements 
available,  growth  could  not  be  very  rapid. 
Massive  cranes  were  made  then,  but  they 
were  clumsy  and  slow.  Not  until  the  possi- 
bilities introduced  by  steel,  electricity,  and 
air  were  available,  could  cranes,  power- 
ful, light,  and  highly  mobile  be  pro- 
duced. The  subject  is  too  wide  to  be 
adequately  treated  here,  but  we  can  indicate 
some  of  the  reasons  why  progress  has  been 
possible.  In  massive  cranes  the  dead  weight 
of  the  members  composing  the  framing  is  very 
great,  and  when  either  cast,  or  solid-plated,  it 
increases  the  dead  load,  and  the  load  to  be 
moved.  The  small  dimensions  in  which  wrought 
iron  was  rolled  rendered  heavy  built-up  plating 
very  expensive.  We  say  was,  because  wrought 
iron  is  now  practically  quite  out  of  the  running 
as  far  as  the  plated  work  of  cranes  is  concerned. 
But  the  large  dimensions  available  in  steel  plates 
have  enabled  the  crane  makers  to  build  the 
biggest  and  strongest  structures,  with  the  mini- 
mum of  dead  weight.  Instances  which  occur  to 
the  mind  are  the  Benrath  cranes  at  Bremerhaven, 
Brown  hoisting  machines,  the  Temperley  trans- 
porters, the  numerous  coaling  cranes,  and  the 
overhead  travellers. 

In  the  heavier  cranes,  the  electric  conductors 
have  done  away  with  much   dead  weight,   sub- 


stituting motors  and  controllers  for  boilers  and 
engines,  or  for  massive  water  cylinders  and 
chains.  The  dead  weight  of  crabs  and  trolleys 
is  lessened  thereby,  and  there  is  less  vibration  at 
high  speeds.  None  but  those  who  know  the 
herculean,  slow,  and  risky  tasks  involved  in 
h;uiling  and  lifting  loads  about  in  shops  which 
are  inadeijuately  supplied  with  power  cranes  can 
fully  ap[ireciate  the  value  of  the  light  air  hoists 
now  becoming  common.  They  are  so  easily 
transported  and  handled,  and  so  rapid  in  action, 
that  in  those  shops  where  large  quantities  of 
comparatively  light  work  are  handled,  the  jib 
cranes  and  overhead  travellers  cannot  enter 
into  successful  rivalry  with  them.  They  have 
but  one,  the  electric  hoist,  which  also  is 
developing  in  the  liands  of  a  few  manufac- 
turers. 

Another  line  of  cranes  which  has  been  de- 
veloped largely  by  the  use  of  steel  and  electricity 
is  the  portal,  or  gantry  cranes,  for  dock  and 
wharf  service.  The  old  wharf  cranes  blocked 
the  roadway,  and  when  operated  by  water,  lines 
of  pipes  liable  to  freeze  often  gave  trouble 
The  portal  cranes  reach  clear  over  the  road, 
and  take  current  readily.  Their  framings  are 
braced  and  light,  lessening  weight  to  be  moved, 
and  their  jibs,  often  curved,  and  high  up, 
command  the  work  to  be  done  more  efticiently 
than  when  they  are  stepped  into  the  old  type 
of  portable  wharf  crane.  There  is  no  branch 
of  engineering,  not  even  machine  tool  con- 
struction, which  is  advancing  more  rapidly  than 
crane  manufacture  and  design,  and  none  which 
is  of  greater  interest  to  those  who  know  the 
practice  of  earlier  years. 
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LONDON,  20th  September,  1902. 
The   largest    vessel    ever    built 

The  Largest  Ship  ■^yas  launched  last  month    from 
*""*'•  Messrs.    Harland    and    Wolff's 

Shipbuilding  Works,  Belfast,  for  the  White 
Star  Line.  This  new  vessel,  which  is  named 
\.\\&Cednc,  is  700  ft.  long.  Her  beam  is  75  ft. 
(7  ft.  more  than  the  Om?;//.)  and  her  depth  is 
49^  ft.  She  is  about  21,000  tons  gross.  The 
displacement  at  her  load  draught  will  be 
37,870  tons.  The  Ccdric  has  nine  decks.  She 
is  built  on  the  cellular  double-bottom  principle, 
and  is  divided  into  numerous  watertight  com- 
partments, so  that  a  ma.ximum  of  security  is 
obtained  exceeding  all  official  requirements. 
The  Ceciric's  engines,  which  are  of  the  Harland 
and  Wolff  quadruple-expansion  balanced  type, 
will  drive  her  at  her  designed  speed  with  con- 
siderably less  consumption  of  coal  than  is 
required  for  a  vessel  of  extreme  speed.  The 
Cedric,  like  the  Celtic,  will  have  accommodation 
in  all  for  about  3,000  passengers,  besides 
quarters  for  a  crew  of  about  350.  The  newly- 
launched  ship  is  being  fitted  up  in  fine  style, 
and  we  may  have  more  to  say  about  her  here- 
after. 

It   is    now    reported    that    tlie 

The  Cunard  Line  arrangement      by     which      the 

and  the  Combine.   _         '   ,      t  •  ■ '    i         -..^     -, 

Cunard  Line  is  to  receive  a 
large  augmentation  of  the  Government  subsidy 
hitherto  paid  for  mail  carrying  is  practically 
complete,  and  that  it  is  a  condition  that  the 
line  shall  remain  "  all  British."  It  is  said  that 
Mr.  Pierpont  Morgan  was  in  active  negotiation 
for  the  acquisition  of  this  line,  and  that  pourpar- 
lers to  this  end  had  been  carried  to  a  certain 
point,  when  an  obstacle  arose  in  the  attitude  of 
the  chairman,  Lord  Inverclyde,  who  "put  his 
foot  down  "  when  it  appeared  that  the  effect  of 
the  proposals  would  be  to  transfer  the  control 
of  the  line  to  America.  The  details  of  the 
Cunard  arrangement  are  not  known  up  to  the 
time  of  writing.  As  to  the  lines  at  present 
controlled  by  the  Morgan  Combine,  Liverpool 
is  to  be  the  chief  centre  in  this  country,  and 
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the  British  management  will  be  localised  there. 
Mr.  Wilding,  of  the  Leyland  Line,  is  to  be  the 
general  manager.  There  will  be  a  concentra- 
tion of  the  present  separate  offices  and  staffs, 
and  all  will  be  combined  in  the  building  which 
the  late  Mr.  Ismaj'  constructed  in  Janaes  Street 
for  the  purposes  of  the  White  Star  Line. 

Tenders  are  now  at  the  Ad- 
New  Battleships,  miralty  for  the  construction  of 

the  only  battleship  to  be  built 
by  contract  under  the  1902  Naval  Programme, 
and  also  for  the  machinery  of  the  battleship  to  be 
built  at  Portsmouth  Dockyard.  Both  vessels  are 
of  the  same  class  as  the  Kiug  Edward  Vll.,  now 
building  at  Devonport  Dockyard  ;  the  Coiiinion- 
wcnllli,  building  at  Fairheld  ;  and  the  Dominion, 
building  at  the  Vickers  Company's  works  at 
Barrow-in-Furness.  These  vessels  are  425  ft. 
long,  78  ft.  beam,  and  of  43  ft.  moulded  depth  ; 
and  with  a  draft  of  26  ft.  9  in.  they  will  displace 
16,350  tons.  The  five  vessels  now  included  in 
this  class  are  1,350  tons  greater  than  any  of  the 
ships-of-the-line  in  the  British  Navy.  In  speed, 
however,  they  will  be  behind  the  six  vessels  of 
the  Duncan  class  now  being  completed,  which 
will  steam  19  knots  on  their  full-power  trials, 
while  the  new  ships  will  make  185  knots.  The 
engine  power  is  the  same,  18,000  i.h.p. ;  but  more 
weight  is  given  to  armour  and  guns  in  the  new- 
vessels.  Their  complete  broadside  is  covered 
from  5  ft.  below  the  water  line  to  tiie  upper 
deck  with  hardened  plates,  varying  from  y  in.  to 
7  in.,  and  right  forward  to  the  ram,  where  the 
armour  is  4  in.  in  thickness.  These  ships,  in 
addition  to  the  usual  twin  pairs  of  12-in.  guns 
in  barbettes,  will  carry  four  9-2-in.  guns  in  four 
smaller  barbettes,  as  well  as  ten  6-in.  quick- 
tirers,  fourteen  12-pounders,  ten  3-pounders,  and 
two  Maxim  guns,  with  five  submerged  tubes  for 
firing  torpedoes.  This  armament  is  superior  to 
that  of  any  ship  in  the  Navy.  The  machinery  will 
be  much  the  same  as  that  of  the  Kini^- 
Edward  VII..  which  has  a  combination  of 
Babcock  and  Wilcox  and  cylindrical  boilers. 
There  will  be  four  cylinders  working  on  the 
triple-compound  principle,  the  high-pressure 
cylinder  being  38  in.,  the  intermediate  60  in., 
and  the  two  low-pressure  cylinders  67  in.  in 
diameter,  with  a  stroke  in  each  case  of  48  in. 


The  full  power  will  be  realised  with  120  revolu- 
tions. The  contract  ship  will  have  cylindrical 
boilers  for  one-lifth  of  the  power,  and  Babcock 
and  W'ilcox  boilers  for  the  remainder.  The 
Dockyard-built  ship  will  have  Niclausse  boilers 
for  four-lifths  of  the  power,  the  remainder 
being  got  from  cylindrical  boilers  worked  under 
the  Howden  system.  The  boiler  pressure  in 
both  cases  will  be  210  lbs.  per  square  inch. 


British  Tonnage. 


The  Sltippini^  Rcjlislcr  for  July 
shows  that  there  has  been  an 
imusually  large  production  of  new  tonnage,  and 
that  the  loss  of  tonnage  from  various  causes  has 
been  remarkably  slight.  The  result  is  a  large 
addition  to  our  merchant  ileet.  Of  new  steel 
steamers,  no  fewer  than  forty-nine,  with  a 
gross  tonnage  of  120,045  tons,  were  added  to 
the  Reilislcr  during  the  month.  With  iron  and 
small  wooden  vessels  the  total  additions  are 
seventy-nine  ships  of  121,896  gross  tons.  The 
removals  from  the  Ret^ister  comprised  only  eight 
steamers  of  15,573  gi'oss  tons,  twelve  iron 
steamers  of  5,701  gross  tons,  and  wooden 
steamers  and  sailing  vessels  of  various  types, 
bringing  the  total  up  to  sixty  ships  of  32,743 
gross  tons.  These  do  not  include  vessels  trans- 
ferred to  and  from  the  Colonial  Registry.  De- 
ducting 32,743  tons  from  121,896  leaves  a  differ- 
ence of  89,153  gross  tons  as  the  net  addition  to 
the  Register  during  the  month. 

Another  new  Anchor  Liner  has 

..  J^^^-,-    „      been  built  by  Messrs.  Alexander 
'  Massiiia."  ■' 

Stephen  and  Sons  (Limited), 
Glasgow.  This  vessel,  which  is  named  the 
Mnssilia,  is  of  the  following  dimensions  :  — 
Length,  400  ft.  ;  breadth,  49  ft.  ;  depth, 
30  ft.  9  in.  moulded  ;  with  a  gross  tonnage  of 
5,100  tons.  She  will  be  supplied  with  a  set 
of  triple-expansion  engines,  the  cylinders  being 
26-in.,  43-in.,  and  71-in.  diameter,  by  4  ft. 
stroke.  There  will  be  two  double-ended  boilers 
working  at  a  pressure  of  180  lbs.  This  latest 
addition  to  the  Anchor  Line  fleet  is  intended 
for  their  Indian  service,  and  has  been  built  to 
the  highest  class  of  the  British  Corporation 
Registry.  The  main  saloon,  a  very  handsome 
apartment  situated  on  the  bridge  deck,  is  well 
lighted  and   ventilated,  and   provides  superior 
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accommodation  for  a  large  number  of  first-class 
passengers.  The  decoration  is  bright  and 
artistic,  and  the  furniture  and  general  appoint- 
ments are  very  handsome.  The  state-rooms  are 
aft  of  the  main  saloon,  and  consist  of  large, 
airy,  and  well-lighted  two-  and  four-berthed 
rooms.  From  the  main  saloon  a  handsome 
stairway  leads  to  the  promenade  deck,  where  a 
spacious  music-room  is  provided.  At  the  other 
end  of  the  promenade  deck  there  is  a  large 
and  well-ventilated  smoking-room.  The  vessel 
has  been  fitted  with  all  the  latest  improvements 
for  the  rapid  working  of  the  large  cargo  which 
she  has  been  designed  to  carry,  including  ten 
powerful  steam  winches.  An  insulated  chamber 
for  storing  meat  and  vegetables  has  been 
provided,  which  will  be  kept  constantly  cool  by 
a  large  refrigerating  machine  placed  in  the 
engine-room. 

The  success  of  the  two  turbine 

New  Turbine      passenger     steamers     on     the 
steamers.        ^t     ,      •  n-  r     i.i 

Clyde  IS    calhng    forth   various 

projects  for  the  further  utilisation  of  this  class 
of  sea  motor.  One  is  to  be  employed  in  the  cross- 
Channel  service,  between  Dover  and  Calais.  We 
are  informed  that  Messrs.  Denny,  of  Dumbarton, 
have  received  from  the  South  Eastern  and 
Chatham  Companies  an  order  for  a  turbine 
steamer  for  next  season's  traffic,  which  for 
speed,  comfort,  and  convenience  will  revolu- 
tionise the  cross-Channel  passage.  The  Dover- 
Calais  route  will  be  the  first  sea  passage  upon 
which  this  new  type  of  steamer  will  be 
employed.  The  length  of  the  vessel  is  to  be 
300  ft.,  and  she  will  have  a  beam  of  40  ft., 
which  is  5  ft.  to  6ft.  wider  than  any  present 
cross-Channel  steamer.  This  will  give  a  mag- 
nificent deck  space,  and  add  to  the  vessel's 
stability  at  sea,  prevent  rolling,  and  reduce  the 
inconvenience  of  passengers  to  a  minimum.  The 
ship  will  be  provided  with  every  up-to-date 
convenience  for  such  a  steamer,  and  will  be 
entirely  different  from  the  present  type  of  mail 
packet.  The  upper,  or  promenade  deck, is  to  have 
an  overhead  shelter,  so  that  in  rough  weather 
passengers  can  be  protected  without  going 
below.  This  new  steamer  will  be  provided 
with  extensive  cabin  accommodation.  The 
turbine  machinery  occupies  such  a  small  space 


compared  with  the  present  heavy  engines  and 
machinery,  that  a  vast  amount  of  additional 
room  will  in  this  way  be  obtained  for  the 
use  of  passengers.  As  to  speed,  it  is  calculated 
that  the  cross-Channel  passage  will  be  covered 
by  this  steamer  in  45  minutes  at  the  outside, 
and  probably,  under  favourable  conditions, 
in  less.  The  steamer  will  have  five  propellers, 
and  be  fitted  with  rolling  chocks  to  add  to 
her  steadiness  at  sea,  and  her  engines  will 
be  capable  of  producing  a  speed  of  about 
25  knots  an  hour  without  vibration.  At  present 
the  highest  average  cross-Channel  steaming  is 
I  hour  5  minutes.  Another  project  has  reference 
to  the  building  of  a  large  and  swift  turbine  boat 
tor  the  West  Highland  tourist  trade. 

The  present  position  in  Johan- 
"^''th"^^''d^    nesburg     is     one    approaching 

stagnation,  as  only  about  one- 
third  of  the  stamps  are  working,  and  there 
seems  to  be  a  lack  of  strong  initiative  on  the 
part  of  the  mining  interests  to  terminate  the 
present  slump  by  a  settled  and  combined  policy 
with  regard  to  the  restricted  supplies  ,of  un- 
skilled labour  and  transport,  which  on  the 
surface  of  things  constitute  the  obstacles  to 
renewed  progress.  Counsels  are  divided,  as 
will  be  indicated  by  the  following  propositions, 
for  dealing  with  the  labour  question,  which  are 
advocated  in  various  quarters  : — 

1.  The  offer  of  larger  wages  to  Kaffirs. 

2.  The  importation  of  Indian  coolie  labour. 

3.  The  introduction  of  Chinese. 

4.  Giving  white  unskilled  labourers  five  shil- 
lings per  day,  with  free  food  and  quarters. 

5.  The  letting  of  underground  contracts  to 
gangs  of  white  men. 

The  first  plan  would  undoubtedly  be  the 
most  satisfactory  solution  if  a  return  of  the  rates 
prevailing  before  the  war  would  result  in  a 
sufficiency  of  labour,  but  it  is  probable  that  so 
much  money  had  to  be  distributed  among  the 
natives  in  various  ways  during  the  war,  that 
only  exorbitant  prices  would  bring  them  into 
Johannesburg  in  sufficient  quantities. 

The  second  and  third  propositions  are 
strongly  opposed  on  the  grounds  that  large 
numbers  of  Indians  or  Chinese  are  undesirable 
residents    in    a   white    man's    country.      The 
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experience  of  Natal  lias  shown  that  of  the 
coolies  imported  for  plantation  working  to  that 
country,  a  large  proportion  of  them,  on  the 
termination  of  their  indentures,  elect  to  remain 
as  permanent  residents.  The  writer  had  the 
opportunity  of  watching  an  experimental  appli- 
cation of  coolie  labour  on  the  Kand  in  the 
early  nineties,  and  the  results  observed  were 
not  encouraging.  In  Australia,  again,  the 
people  have  had  considerable  experience  of 
Chinese  immigration,  and  the  efforts  of  the 
local  Parliaments  are  directed  towards  its  re- 
striction. 

The  fourth  suggestion  is  opposed 
Racial  difflcuities.  by  the  skilled  white  workmen 

on  the  ground  that  it  would  tend 
to  reduce  workmen's  wages  all  round,  and 
there  seems  to  be  some  ground  for  this  fear. 
Nevertheless,  at  the  present  moment  this  idea 
is  receiving  the  most  effectual  support  in  in- 
fluential quarters.  Some  of .  the  companies  are 
building  a  number  of  rooms  for  the  occupation 
of  white  labourers  on  these  terms,  which  are  at 
present  only  offered  to  men  discharged  from 
military  service.  Another  difficulty  in  con- 
nection with  this  plan  is  the  necessity  for  the 
complete  separation  of  the  white  from  the 
black  labour.  It  will  be  apparent  to  every- 
one that  if  white  men  and  Kaffirs  were 
employed  on  the  same  work  in  mixed  gangs, 
a  fatal  blow  would  be  struck  at  the  prestige  of 
the  white  man,  and  results  of  the  loss  of  caste 
upon  the  internal  affairs  of  the  country  might 
easily  be  disastrous.  It  is  therefore  generally 
conceded  that  this  separation  of  blacks  and 
whites  must  be  maintained.  That  is  to  say,  that 
if  any  particular  mine  employs  cheap  white 
labour,  say  on  the  surface,  then  the  whole  of 
the  surface  work  should  be  done  by  whites. 
Even  with  this  limitation  the  Kaffirs  will  soon 
realise  that  white  men  are  employed  on  the 
same  kind  of  work  as  themselves,  and  this  will 
make  them  less  amenable  to  the  white  man's 
rule.  This  political  aspect  of  the  case  seems 
therefore  to  be  the  most  serious  one. 

The  last  proposition  has  much  to  recommend 
it  from  the  mine  manager's  point  of  view,  but  if 
the  contracts  were  let  at  such  prices  that  the 
cost  to  the  companies  per  ton  milled  suffered 
no    increase,    the    men    would    probably    not 


earn  more  than  ^4  per  week,  and  from  a 
miner's  point  of  view  it  is  certainly  more 
pleasant  to  receive  ^"5  los.  for  supervising 
Kaflirs  than  £4  as  the  result  of  a  week's  hard 
personal  labour. 

In  conclusion,  then,  it  may  be 

The  Outlook,  safely  said  that  the  tendency  is 
distinctly  towards  the  reduction 
of  all  salaries  and  wages,  and  that  until  the 
present  conditions  of  stagnation  and  uncertainty 
have  given  place  to  the  vigorous  prosecution  of 
SDme  delinite  policy,  such  as  is  usually  charac- 
teristic of  the  able  men  in  whose  hands  lie  the 
the  future  of  the  Rand,  it  is  impossible  to 
recommend  any  one  of  any  calling  to  venture 
there  at  the  present  time  unless  his  prospects  are 
assured  before  leaving  his  home.  The  other 
difticulty  referred  to  above,  namely,  in  regard 
to  transport,  also  affects  progress  considerably. 
Merchants  cannot  get  more  than  one-third  of 
their  requirements  sent  forward  on  the  railways, 
and  batteries  have  to  shut  down  owing  to 
shortage  of  coal,  and  slimes  plants  stop  for 
want  of  lime.  We  have  endeavoured  to  give  a 
true  picture  of  present  conditions,  and  its 
colours  are  not  rosy  ;  nevertheless,  there  is 
plenty  of  hope  for  the  future,  for  the  gold  is 
still  there,  and  there  is  little  doubt  that  within 
twelve  months  and  perhaps  less,  this  district 
will  again  be  the  scene  of  activity  and  prosperity 
that  it  has  been  in  the  past. 

Although  less  money  may  be  earned  per  head, 
the  amount  spent  in  necessaries  will  also  become 
gradually  lessened,  and  that  spent  on  whisky 
considerably  reduced. 

Fire  damp  has  always  attracted 

Occurrence  of    attention     in     connection    with 
Fire  Damp. 

coal   mining,  and  still  does  ;  in 

fact,  if  this  attention  is  relaxed  the  world  is 
soon  painfully  reminded  of  the  presence  of  this 
undesirable  concomitant  of  coal  by  some  dire- 
ful calamity  due  to  the  effects  of  its  sudden 
appearance  and  combustion.  Some  very  in- 
teresting and  careful  experiments  have  been 
made  recently,  more  particularly  to  verify  points 
of  doubt  and  variance  existing  in  relation  to  the 
work  of  previous  investigators.  In  some  ex- 
periments samples  of  coal  of  i6-lbs.  weight 
were   pulverised  by   means  of  steel  balls  in  a 


458 


Page's   Magazine. 


Sudden  Out- 
bursts. 


closed  gas-tight  cylinder,  which  at  the  start  was 
exhausted  of  air  and  then  re%-olved  thirty-five 
turns  a  minute.  After  an  hour  the  pressure  of 
any  gas  in  the  cylinder  was  ascertained,  the 
volume  measured,  and  the  composition  deter- 
mined. Two  varieties  of  coal  were  investigated, 
and  both  yielded  gas  in  variable  quantities. 
Neither  the  chemical  composition  of  the  coal, 
nor  its  density,  nor  the  degree  of  fineness  of  the 
pulverisation,  seemed  to  bear  any  relation  to  the 
volume  or  character  of  the  gas  evolved.  More 
gas  was  obtained  by  making  two  exhaustions  of 
the  cylinder  each  after  half  an  hour's  attrition 
than  by  a  single  exhaustion  after  one  hour  ;  this 
was  due  to  some  re-absorption  of  the  gas  by 
the  coal.  Coal  in  lumps  loses  its  gas  slowly, 
the  combustible  constituents  are  the  first  to  go. 

This  solitary  fact  of  the  occlu- 
sion of  fire  damp  in  coal  having 
been  established  and  scientific- 
ally demonstrated,  provides,  it  is  'asserted,  an 
explanation  for  all  the  phenomena  associated 
with  beds  that  are  subject  to  sudden  outbursts 
of  gas,  and  also  for  all  the  conditions  under 
which  the  outbursts  are  produced. 

Exploratory  borings  should  be 
Precautions,  employed,  and  should  prove  use- 
ful in  indicating  the  probable 
spots  where  sudden  outbursts  of  gas  may  be 
expected  ;  but  this  exploratory  work  should  not 
be  relegated  to  an  under-manager,  neither 
should  the  position  and  directions  of  the  holes 
be  arranged  by  some  fi.xed  rule.  The  work, 
to  have  real  effect,  should  not  be  left  to 
subordinates,  but  should  be  under  superior 
direction  and  should  be  conducted  and  modified 
so  as  to  ascertain  the  peculiarities  and  character 
of  each  particular  seam,  then  necessary  and 
effective  arrangements  could  be  made  to  avert 
calamity.  Such  is  the  latest  decision  in  this 
important  ma*tter.  It  is  particularly  urgent  to 
take  precautions  in  times  when  earth  move- 
ments are  prevalent,  as  the  resulting  disturb- 
ances are  liable  to  set  free  great  volumes  of 
pent-up  fire-damp. 

Many  and  often  have  the  dangers 

i)!fng°rs'       °f    ^°^^   "^"^^   impressed   them- 
selves on  the  public  mind  in  a 
painful  manner  ;  many  and  often  have  warnings 


been  issued  about  this  danger,  and  just  as  often 
have  folks  neglected  these  warnings,  and  even 
questioned  the  dangerous  character  of  dust. 
To  such  an  extent  has  this  been  the  case,  that 
the  Governments  of  our  own  and  various  other 
countries  have  held  inquiries  into  the  matter,  and 
by  searching  experiment  have  obtained  proof 
of  the  undoubtedly  dangerous  character  of  coal 
dust.  Vet  what  does  all  this  avail  ?  One  of 
our  own  Colonies  furnishes  a  terrible  example 
of  the  fact  that  it  avails  but  little. 

In    the    Fernie    mines    of    the 
Canada's        Crow's  Nest  Pass  Coal  Company, 

Warning.  ,-      ,  ,,         ,  ■    r 

we  hnd  the  chief  mmmg  super- 
intendent, in  charge  of  a  dry  and  dusty  mine, 
never  had  the  dust  analysed  or  otherwise  tested 
to  ascertain  whether  it  was  explosive  or  not, 
neither  did  he  have  the  dust  removed  or  watered 
in  old  workings,  because  he  considered  it  im- 
practicable ;  and  the  only  method  of  watering 
the  dust  employed  anywhere  in  the  mine  under 
his  direction  was  with  a  car  and  can.  Moreover, 
the  foreman  and  other  ofticials  of  the  mine  were 
also  unacquainted  with  the  dangerous  character 
of  coal  dust.  Result — a  violent  explosion  when 
152  men  were  working  in  the  mine.  All  the 
splendid  efforts  to  succour  and  save  resulted  in 
the  rescue  of  twenty-two  men,  who  were  already 
in  the  last  throes  of  a  death  struggle  with  after- 
damp. And  the  jury,  the  Government  e.xpert,  the 
miners'  committee,  and  a  former  manager  of  the 
mine  were  unanimous  in  asserting  that  the 
explosion  was  caused  by  coal  dust.  Even  the 
chief  mining  superintendent,  already  mentioned, 
admitted  that  the  explosion  might  have  resulted 
from  his  inability  to  remove  or  water  the  dust 
in  the  old  workings.  There  are  50  widows  and 
60  families  bereft  by  this  accident.  Such  are 
the  terrible  lessons  necessary  to  make  some 
people  realise  that  the  statements  and  warnings 
of  the  scientific  investigators  are  really  of  vital 
importance  and  worthy  of  serious  consideration. 


Government 
Locations. 


The  Canadian  Government  have 
made  a  move  which  is  highly 
appreciated  by  many  people 
thioughout  the  Dominion,  inasmuch  as  the 
Minister  of  the  Interior  has  selected  an  extensive 
area    in    the    above-mentioned    coal    district, 


Our  Monthly  R6sum6. 


45'> 


whicli,  by  the  way,  is  situate  on  the  boundary 
between  British  CoUimbia  and  Alberta,  and  is 
said  to  be  one  of  the  best  locations  in  that 
region.  The  coal  of  the  particular  neighbour- 
hood shows  on  tests  74  to  79  per  cent,  of  carbon 
and  from  2  to  4  per  cent,  of  ash  ;  it  is  clean  and 
firm,  and  yields  a  high-grade  coke.  Strangely 
enough,  there  has  been  such  activity  in  the 
location  of  claims  in  this  held,  that  it  was  only 
by  a  surveyor's  error  that  the  area  now  taken 
up  by  the  Government  was  not  already  appro- 
priated. 

Besides  the  value  of  the  property 

Healthy         to  the  Government,  the  acquisi- 
Competition.       ...  .,  ,        ^ 

tion  has  another  advantage  m 

that  it   introduces   an    element  of  competition 

which  was  much  desired,  not  only  to  reduce 

prices,  but  to  ensure  more  active  working  and 

a  better  supply.     The  Crow's  Nest   Pass  Coal 

Company    has    been   in   operation   nearly   five 

years,  and  has  reached  an  output  of  2,000  tons 

a  day;  but  on  one  outcrop  seam,  where  work 

was  commenced   in   1898,  production   has  not 

yet  reached  500  tons  a  day. 

This    mineral    is    an   important 

Asbestos  in       factor   in    Canada's  mining  in- 
Canada.  ,         .  ,  ,7 

dustries,   and    one   that    shows 

signs  of  agreeable  vitality.  In  1879,  300  tons 
were  produced,  valued  at  19,500  dols. ;  last  year 
the  output  was  38,500  tons,  valued  at  962,500 
dols.,  showing  an  increase  of  7,859  tons  above 
tne  production  for  the  year  1900.  In  the  latter 
year  the  Province  of  Quebec  produced  21,408 
tons,  thus  giving  employment  to  1,040  work- 
men. The  mineral  is  obtained  by  open  cast 
workings  or  quarries,  in  which  power  drills  and 
other  up-to-date  appliances  are  employed. 
Blondin  cableways  being  used  to  take  the 
material  from  the  quarry  to  the  mill. 

There  are  in  Canada  twelve 
Enterprises,      companies     at     work,     with    a 

capital  of  four  millions,  and 
employing  3,000  men.  Bell's  Asbestos  Com- 
pany, which  is  probably  the  best  known, 
furnishes  a  good  example  of  a  successful  asbestos 
enterprise.  The  capital  is  ^700,000,  of  which 
;^i7o,ooo  has  been  issued  and  paid  up  in  full. 
Large  profits  have  been  earned  annually  from 
the   working    of    the    company's    mines,    and 


dividends  as  high  as  22i  per  cent,  have  been 
paid.  Canada,  in  fact,  controls  the  asbestos 
market  of  the  world. 


Canada's 
Nickel. 


Process 
Wanted. 


This  is  another  valuable  mine- 
ral product  prevalent  in  the 
Dominion.  Several  of  the  great 
nickel-producing  companies  have  already  com- 
bined ;  nevertheless  there  is  plenty  of  activity  in 
the  famous  nickel  region  of  Ontario,  where 
tiiere  are  at  present  extensive  supplies  of  ore  ; 
in  fact,  it  is  so  plentiful  that  only  the  richer 
bodies  are  being  worked,  and  should  these  fail, 
the  smelters  could  be  supplied  by  the  concen- 
tration of  the  poorer  ores. 

Many  interesting  and  useful 
investigations,  e.xperiments,  and 
trials  with  various  processes, 
including,  inlcr  cilia,  magnetic  separation,  the 
ingenious  Mond  process,  and  the  direct 
steel  process,  have  been  conducted  with  the 
nickeliferous  copper  ores,  and  have  yielded 
valuable  results.  Nevertheless,  heap-roasting, 
matte-smelting,  and  Bessemei"ising  are  employed 
wherever  the  ore  is  being  treated  on  a  lai'ge 
scale.  Where  the  blast  furnace  is  used  on 
pulverised  matte  there  is  considerable  loss  in 
the  shape  of  flue  dust,  which  briquetting  would 
only  in  part  prevent. 

Deposits  of  China-clay  have  long 
ciiina-ciay  in     ^  known    to  exist     in    the 

France. 

department  of  the  DriJme ;  a 
single  deposit  has  been  observed  to  extend  for 
1,700  ft.  or  more.  There  are  four  quarries  quite 
ready  for  working,  and  there  are  works  at 
Barbicre,  at  the  present  time,  producing  20 
tons  of  kaolin  and  designed  to  produce  from  50 
to  60  tons.  The  operations  conducted  consist 
in  washing  the  sand  from  the  clay.  The  latter 
is  disposed  of  for  porcelain  and  pottery,  the 
former  is  stored  for  special  use. 

At    a    recent    meeting    of    the 

Professor  Perry   British     Association,    Professor 
on  tile  Education    ,    ,  ,,  ,,  ,,  , 

of  the  Engineer.  John  PciTy,  the  well-known 
authority  on  engineering  mat- 
ters, delivered  some  pointed  remarks  concern- 
ing the  training  of  the  young  engineer,  and  the 
influence  of  education  upon  our  commercial 
supreinacv.  The  present  system  of  teaching 
mathematics  and  the  undue  importance  attached 
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to  classics  formed  the  subject  of  a  scathing 
attack.  "  I  have  known  the  ordinary  abominable 
system  of  mathematical  study,"  he  said,  "  to  be 
advocated  by  engineers,  who,  because  they  have 
passed  through  it  themselves,  have  really  come  to 
loathe  all  kinds  of  mathematics  higher  than  that 
of  the  grocer  and  the  housekeeper.  They  say 
that  mathematics  have  trained  their  minds,  but 
they  do  not  need  it  in  their  profession.  There 
is  no  profession  which  so  much  requires  a  man 
to  always  have  the  mathematical  tool  ready  for 
use  on  all  sorts  of  problems.  The  average 
schoolboy  leaves  an  English  school  with  no 
power  to  think  for  himself,  with  a  hatred  for 
books,  with  less  than  none  of  the  knowledge 
which  might  help  him  to  understand  what  he 
sees  ;  and  he  has  learnt  what  is  called  "mathe- 
matics "  in  such  a  fashion  that  he  hates  the 
sight  of  an  algebraic  expression  all  his  life  after." 
Professor  Perry  evidently  thinks  there  is  some- 
thing radically  and  seriously  wrong  with  our 
method  of  training  boys  for  the  professions 
generally  ;  and  that  improvement  lies  in  the 
direction  of  a  system  by  which  the  pupil's 
reflective  faculties  are  stimulated,  and  he  is 
trained  to  think  intelligently.  Upon  this  firm 
and  healthy  basis,  the  Professor  sees  our  future 
commercial  supremacy  securely  established. 
We  note  with  interest  the  robust  common-sense 
view  which  Professor  Perry  takes  of  England's 
position  as  a  commercial  nation. 

The  sound  judgment  characterising  the  follow- 
ing extract,  will,  we  think,  be  a  suflrcient  e.xcuse 
for  our  quoting  it  at  length. 

"  No     right-thinking     engineer 

British  Commercial  j^       been  scared   by  the   news- 
Supremacy.  ■' 

paper  writers  who  tell  us  of  our 

loss  of  supremacy  in   manufacture,  but   I  think 

that  every  engineer  sees  the  necessity  for  reform 

in  many  of  our  ways,  and  especially  in  this  of 

education.    People  talk  of  the  good  done  to  our 

workmen's  ideas  by  the  strike  of  two  years  ago  ; 

it  is  to  be  hoped  that  the  employers'  ideas  were 

also  expanded  by  their  having  been  forced  to 

travel  and   to  see  that  their  shops  were  quite 

out  of  date.     In  fact  we  have  all  got  to  see  that 

there  is  far  too  much  unskilled  labour  among 

workmen,  foremen  and  managers,  and  especially 

in  owners.      Millions  of  money   may  build   up 


trusts,  but  they  will  be  wasted  if  the  unskilled 
labour  of  mere  clerks  is  expected  to  take  the 
place  of  the  thoughtful  skilled  labour  of  owners 
and  managers. 

I  laugh  at  the  idea  that  any  country  has  better 
workmen  than  ours,  and  I  consider  the  educa- 
tion of  our  workmen  to  be  the  corner-stone  of 
prosperity  in  all  engineering  manufacture.  It  is 
from  him  in  countless  ways  that  all  hints  leading 
to  great  inventions  come.  New  countries  like 
America  and  Germany  have  their  chance  just 
now  ;  they  are  starting,  without  having  to 
'  scrap '  any  old  machinery  or  old  ideas,  with  the 
latest  machinery  and  the  latest  ideas.  For  them 
also  the  time  will  come  when  their  machines 
will  be  getting  out  of  date,  and  the  cost  of 
'scrapping'  will  loom  large  in  their  eyes.  In 
the  meantime  they  have  taught  us  lessons,  and 
this  greatest  of  all  lessons— that  unless  we  look 
ahead  with  much  judgment,  unless  we  take 
reasonable  precautions,  unless  we  pay  some 
regard  to  the  fact  that  the  cleverest  people  in 
several  nations  are  hungry  for  our  trade  and 
jealous  of  our  supremacy,  we  may  for  a  time 
lose  a  little  of  that  supremacy.  We  have  been 
too  confident  that  manufactures  and  commerce 
and  skill  in  engineering  would  remain  with  us 
for  ever.  We  have  had  a  very  strong  hint  given 
us  that  we  cannot  for  ever  go  on  with  absolutely 
no  education  in  the  scientific  principles  which 
underlie  all  engineering. 

There  is  another  important  thing  to  re- 
member. Should  foreigners  get  the  notion 
that  we  are  decaying,  we  shall  no  longer  have 
our  industries  kept  up  by  an  influx  of  clever 
Uitlanders,  and  we  are  much  too  much  in  the 
habit  of  forgetting  what  we  owe  to  foreigners, 
Fleming  and  German,  Hollander,  Huguenot,  and 
Hebrew,  for  the  development  of  our  natural 
resources.  Think  of  how  much  we  sometimes 
owe  to  one  foreigner  like  the  late  Sir  William 
Siemens. 

In  our  country  nearly  all  discoveries  come 
from  below.  The  leaders  of  science,  the 
inventors,  receive  from  a  thousand  obscure 
sources  the  germs  of  their  great  discoveries 
and  inventions.  When  every  unit  of  the 
population  is  familiar  with  scientific  ideas  our 
leaders  will  not  only  be  more  numerous,  but 
they  will  be  individually  greater.     And  it  is  we. 
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and  not  the  schoolmasters,  who  are  familiarising 
the  people  with  a  better  knowledge  of  nature. 
When  men  can  hardly  take  a  step  without 
seeing  steam  engines  and  electro-motors  and 
telegraphs  and  telephones  and  steamships,  with 
drainage  and  waterworks,  with  railways  and 
electric  tramways  and  motor  cars,  when  every 
shop  window  is  tilled  with  the  products  of 
engineering  enterprise,  it  is  getting  rather 
difficult  for  people  to  have  any  belief  in  evil 
spirits  and  witchcraft.  All  the  heart-breaking 
preaching  of  enthusiasts  in  education  would  pro- 
duce very  little  etYect  upon  an  old  society  like  that 
of  England  if  it  were  not  for  the  engineer." 

The  rumours  which  have  been 
The  steel        so  prevalent  recently  with  regard 

Am.ilgamation.    ,       ,,        ,  ,.  ..  ,  , 

,  to  the   formation  ot    a  colossal 

amalgamation  of  British  steel  interests  have  not 
been    confirmed.     The    issuing    of    a   circular, 
however,  to  the  shareholders  of  Messrs.  Dorman, 
Long  and   Co.,   is   of    interest.     It   announces 
that  the  directors  have  decided  to  enter  into  a 
"  provisional   agreement    to  purchase  from   Sir 
Lowthian  Bell  and  his  family  30,000  shares  of 
;^5    each,   with     X3    los.   paid    up,  being   the 
remaining  half  of  the  ordinary  shares  of   Bell 
Brothers,  Ltd.,  thus  constituting  Dorman,  Long 
and  Co.,  Ltd.,  the  owners  of  all   the  ordinary 
shares  in  that  company,  the  consideration  being 
the  issue  to  Sir  Lowthian  Bell  and  his  family  of 
ordinary  shares  in  Dorman,  Long  and  Co.,  Ltd., 
of  the  nominal  value  of  ;^^225,ooo."     This  sum 
represents  as  nearly  as  possible  the  value  at  par 
of  the   shares  in    Messrs.   Bell  Brothers,   Ltd., 
together  with  half  the  reserves  and  unassigned 
protits  shown  in  the  balance-sheet  of  the  latter 
company.     It  may  be  remembered  that  Messrs. 
Dorman,  Long,  and  Co.,  Ltd.,  assisted  in  the 
flotation  of    Sir   Lowthian    Bell's  company   in 
1899,  by   purchasing    one  half  of   the  ordinary 
shares.     The  capital  of  the  purchasing  company 
is   also    to    be    increased    by    the    issuing    of 
;^25o,ooo   in    ordinary   shares,    which    will    be 
offered  to  its  shareholders  at  par  in  the  propor- 
tion of  one-third  of  their  present  holdings,  any 
surplus   which  is  not   thus   appropriated    (not 
exceeding  125,000  shares)  being  similarly  allotted 
to  Mr.  Hugh  Bell  and  Mr.  A.  J.  Dorman.     The 
prosperity  of  Messrs.  Dorman,   Long  and  Co. 
has  lluctuated  considerably  during  recent  years. 


with  the  vagaries  of  varying  trade  ;  but  they 
have  always  been  well  to  the  front  in  the  contest 
for  British  supremacy  in  the  iron  and  steel 
industry.  They  have  neither  hesitated  to  adopt 
new  methods  of  business,  nor  neglected  the 
advantages  of  thoroughly  up-to-date  equipment. 
At  present  the  company's  mills  and  furnaces 
are  being  remodelled  and  enlarged. 

The   report   of    Mr.    Bell,    the 
The  Decrease  in    British  Commercial  .Vgent  in  the 

the  American      ,..      ,r,  ,  1111 

Export  Trade.     United  States,  recently  published 

by  the  Foreign  Office, announces 
an  enormous  decrease  in  the  American  export 
trade,  especially  in  iron  and  steel  manufactures. 
The  total  value  of  the  exports  during  the  liscal 
year,  ending  June  30th,  shows  a  falling  off  of 
104,980,945  dols.  (about  ,^25, 000,000).      These 
figures  will  come  somewhat  as  a  surprise  to  the 
British  public,  and,  looked  at  casually,  are  likely 
to   convey   a   false   impression  with  regard   to 
American    prosperity.        Kotwithstanding   this 
striking  discrepancy  between  the  trade  of  the 
last   two  years,  it  is  a  fact  that  the  American 
factories  and  workshops  of  almost  all  industries 
have  been  working  at  their  full  pressure  ;  but 
owing  to  the  unprecedented  demands  for  home 
consumption,    American     manufacturers    have 
found  a  readier,  and  more  profitable  market  for 
their  goods  at  home.      Especially  is  this  true 
with  regard  to  the  iron  and  steel  industry,  which 
has  been  greatly  stimulated  by  the  remarkable 
prosperity   of   the    railways.     These    have   not 
only  been  purchasing  rails  extensively,  but  have 
been     obliged     to     obtain     much     additional 
rolling-stock  and  general  supplies,  thus  increasing 
the  demand  for  a  great  deal  of  other  material 
produced  by  iron  and  steel  manufacturers.    Mr. 
Bell  states  that  the  American  furnaces  have  been 
utterly  unable  to  meet  the  unparalleled  demand 
for  iron  and  steel  for  home  use  ;  and  it  has  been 
found  necessary  to  import  considerable  quanti- 
ties   of     raw,    semi  -  manufactured,    and    even 
manufactured  material.     At  present,  the  boom 
in  the  home  markets  shows  no  signs  of  abating. 
It  is  estimated  that  the  American  railways  will 
require  at  least  2,000,000  tons  of  steel  rails  alone 
forthe  ensuing  year  ;  and  orders  for  1,000,000 
tons  have  already  been  given.     We  gather  from 
Mr.  Bell's  report,  however,  that  this  prosperity 
is   not    likely   to  be  protracted,  for   American 
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manufacturers  are  already  preparing  for  a  time 
when  it  will  be  essential  for  them  to  take 
their  products  further  afield. 

'■  It  is  only  too  evident,"  says  Mr.  Bell,  "  that 
prepai-ations  are  being  made  to  meet  this 
contingency.  Railways  are  either  combining 
or  forming  communities  of  interest  with  a  view 
to  carrying  goods  as  economically  as  possible, 
especially  towards  the  seaboard.  The  shipping 
interests  have  the  same  thing  in  view,  so  that 
by  the  time  the  supply  greatly  exceeds  the 
demand  in  this  country  everything  will  be  in 
readiness  to  carry  the  surplus  to  Europe  and 
other  countries  more  economically  than  has 
ever  been  done  before.  The  large  Trusts  are 
preparing  for  that  time.  The  large  financial 
interests  in  New  York  and  other  centres  have 
become  so  mixed  up  with  railway,  industrial, 
and  shipping  concerns  that  they  are  able  to 
exert  an  enormous  influence  with  the  trans- 
portation companies  in  order  to  obtain 
favourable  rates  of  transport  for  the  Trusts' 
merchandise.  The  latest  of  the  great  com- 
bines, the  Atlantic  Shipping,  is  doubtless  part 
of  this  great  scheme.  In  the  meantime,  those 
British  manufacturers  who  have  not  already 
done  so  will  have  an  opportunity  of  remodel- 
ling their  works,  and  placing  them  in  a  con- 
dition to  be  able  to  meet  in  a  more  satisfactory 
manner  the  inevitable  and  severe  competition." 

Too   much  attention  cannot  be 

The  Uniformity    paid  to  the  production  of  trade 

of  Trade         ^  ^   ,  '     ^    .  .       , 

Catalogues.      catalogues.     It  IS  a  recognised 

fact  that  the  firms  which  pro- 
vide   up-to-date  and  attractive  descriptions  of 


their  goods  are  in  the  front  rank  of  successful 
business  enterprise.  Much  has  been  done  in 
recent  years  to  make  the  trade  catalogue  a  work 
which  will  be  scanned  with  real  interest,  instead 
of  being  thrown  aside  as  a  dry  category  of 
goods  and  their  prices.  In  one  important  par- 
ticular, however,  there  appears  to  be  much 
room  for  improvement.  Many  firms,  in  striving 
after  the  artistic,  are  prone  to  neglect  the 
utilitarian  features  of  their  publications,  and 
hence  we  have  catalogues  of  many  varying 
sizes — some  wider  than  they  are  high,  or  too 
high  to  take  their  place  on  the  book-shelf 
where  they  can  be  conveniently  referred  to. 
There  appears  to  be  a  growing  understanding 
on  the  part  of  engineering  firms  that  catalogues 
should  conform  as  nearly  as  possible  to  the 
dimensions  of  6  in.  by  9  in.  The  importance 
of  this  is  very  apparent.  In  the  ofiices  of  nine 
out  of  every  ten  engineering  firms  it  is  the 
custom  to  file  all  catalogues  received,  in  order 
that  they  may  be  referred  to  at  a  moment's 
notice ;  and  thus  the  catalogue  of  awkward 
shape  and  size  is  often  relegated  to  the  waste- 
paper  basket,  or  stacked  with  other  ungainly 
literature  upon  the  office  floor.  Thus  it  is  not 
readily  to  hand  when  wanted,  and  the  conse- 
quence is  that  another  firm,  issuing  a  catalogue 
of  more  modest  dimensions,  will  often  secure 
the  order.  In  some  cases  the  unavoidable 
necessity  of  illustration  by  large  diagrams  will 
prevent  an  adherence  to  the  uniform  standard  ; 
but  it  is  generally  possible  to  issue  an  auxiliary 
volume  of  uniform  size,  and  money  spent  in 
this  direction  will  generally  prove  a  paying 
investment. 
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A     Monthly   Review  of   the   leading  papers  read   before   the   various  Engineering   and 
Technical  Institutions  of   Great   Britain. 


MEETING  OF  THE  IRON  AND  STEEL 
INSTITUTE    AT   DtJSSELDORF. 

'  I  'HE  summer  meeting  of  the  Iron  and  Steel 
-*■  Institute  at  Diisseldorf  presented  many 
points  of  interest,  not  the  least  important  of 
which  was  the  warm  welcome  extended  to 
the ,  members  by  German  metallurgists  and 
engineers,  who  not  only  did  the  honours  of  the 
occasion  with  marked  spontaneity,  but  were 
ready  to  throw  open  the  more  important 
German  works  for  the  inspection  of  the  visitors, 
a  concession  which  was  greatly  appreciated. 

The  proceedings  opened  with  a  meeting  of 
the  Council  at  the  Tonhalle  on  September  3rd, 
when  the  formal  reception  of  the  President, 
Council,  and  members  by  the  representatives 
of  the  Government,  civic  authorities,  and  the 
Reception  Committee,  was  followed  by  a  selec- 
tion of  papers.  In  the  afternoon  an  adjourn- 
ment was  made  to  the  Exhibition,  where,  under 
the  guidance  of  English-speaking  experts, 
groups  were  formed  for  the  purpose  of  examin- 
ing the  various  sections  of  mining,  metallurgy, 
and  machinery.  On  the  following  day  a  some- 
what similar  programme,  varied  by  social 
gatherings,  was  carried  out.  The  Friday  was 
devoted  entirely  to  visiting  works. 

For  this  purpose  five  groups  were  formed, 
proceeding  respectively  to  Essen  (the  Krupp 
Establishment),  Dortmund  (the  "  Union  " 
Company,  the  Hoerde  Works,  the  Hosch 
Steelworks),  Ruhrort  (the  Phoenix  Works,  the 
"  Rheinische   Stahhverke  "),  Oberhausen    (the 


Gutehoffnungshiitte),  Duisburg  (the  Vulcan 
Works,  the  Duisburger  Maschinenbau  Actien- 
Gesellschaft,  formerly  Bechen  and  Keetman). 
Supplementary  excursions  were  also  arranged, 
and  a  special  programme  of  visits  and  exciu-- 
sions  was  drawn  up  for  the  ladies  attending  the 
meeting. 

A  word  should  be  said  in  praise  of  the 
detailed  programme  arranged  by  the  secretary, 
Mr.  Bennett  H.  Brough,  including  excellent 
plans  of  Diisseldorf  and  the  Exhibition,  and 
a  map  of  the  district,  as  well  as  much  useful 
information  on  the  subject  of  German  money, 
cab  fares,  electric  traniways,  etc.  These,  with 
special  local  notes,  and  a  section  devoted  to  the 
works  to  be  visited,  formed  a  handy  guide  for 
the  use  of  members. 

In  the  following  pages  we  reproduce  a 
selection  of  the  papers  read  at  the  Diisseldorf 
meeting,  and  regret  that  pressure  upon  our 
space  prevents  the  inclusion  of  a  larger  number 
of  excerpts.  Besides  those  which  are  here 
dealt  with  in  detail,  papers  were  contributed  by 
Professor  H.  Wedding  on  Iron  and  Steel  at  the 
Diisseldorf  Exhibition  ;  by  Messrs.  E.  D.  Camp- 
bell and  M.  B.  Kennedy,  of  the  University  of 
Michigan,  on  the  Probable  Existence  of  a  New 
Carbide  of  Iron  ;  by  Messrs.  L.  F.  Gjers  and  J. 
H.  Harrison,  of  Middlesbrough,  on  Results 
obtained  in  the  Equalisation  of  the  Temperature 
of  Hot  Blast  ;  by  M.  A.  Harmet,  of  St.  Etienne, 
on  the  Compression  of  Steel  in  Ingot  Moulds  ; 
and  by  Professor  E.  Heyn,  of  Berlin,  on  the 
Overheating  of  Mild  Steel. 
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THE  USE  OF  ELECTRICITY  IN  IRON 
AND  STEEL   WORKS. 

\  N  excellent  paper  on  the  above  subject, 
-^^  from  which  we  take  the  following 
excerpts,  was  read  at  the  Di'isseldorf  meeting  of 
the  Iron  and  Steel  Institute,  by  Mr.  F.  Kylberg, 
of  Benrath.  The  author  describes  various 
American  appliances  which  have  been  adapted 
to  European  requirements  : — 

In  recent  years,  as  is  generally  known,  (he  application 
of  electricity  to  the  driving  of  mechanical  appliances  in 
ironworks  has  grown  to  an  unprecedented  extent.  This 
may  be  due  primarily  to  the  fact  that  the  cost  of  gene- 
rating the  electric  current  has  been  reduced  beyond  all 
previous  conception,  and  the  time  is  even  now  within 
measurable  distance  when  modern  central  power  stations 
driven  by  blast-furnace  gas  will  render  the  use  of  electric 
power  in  iron  and  steel  works  practice  still  more  general. 
In  fact,  it  appears  probable  that  at  no  distant  date  both 
auxiliary  steam  engines  and  hydraulic  power  will  be 
entirely  superseded. 

Hitherto  the  necessity  has  existed  of  laying  dovi'n  ex- 
tensive steam-boiler  installations,  for  the  heating  of  which 
either  coal  or  blast-furnace  gas  was  required.  Despite 
every  effort  to  effect  a  reduction  in  the  consumption  of 
steam  by  the  introduction  of  central  condensing  and  cool- 
ing plants,  as  well  as  by  increasing  the  eiBciency  of  the 
steam  engine,  it  was  nevertheless  found  impossible  to 
lower  the  cost  of  generating  the  power  by  these  means 
till  it  approximated  to  that  attainable  by  the  use  of  direct- 
driven  gas  engines.  The  blast-furnace  owner  of  the 
present  day  can,  in  fact,  avail  himself  of  a  free  supply  of 
thousands  of  horse-power.  Further  developments  in  this 
direction  will  no  doubt  lead  to  modifications  in  the  con- 
struction of  the  blast-furnace  and  to  the  perfection  of  it, 
not  only  as  a  pig-iron  producer,  but  also  as  a  gas  pro- 
ducer. This,  again,  involves  the  adoption  of  the  requisite 
modern  gas-purifying  plant,  the  need  for  which'  had 
formerly  never  been  experienced. 

The  development  of  the  blast-furnace  gas  engine  and 
the  electric  potential  possibilities  thus  opened  up  gave 
occasion  to  the  metallurgical  engineer  to  employ  this 
energy  in  driving  machinery  of  every  conceivable  variety. 

TheAmerican  works  in  particular,  which  are  laid  out  for 


production  on  a  large  scale,  have  achieved  wonders  in  the 
use  of  electricity,  although  they  have  only  recently  begun 
to  employ  gas-driven  engines.  These  American  ap- 
pliances have  often  been  introduced  into  Europe  without 
regard  as  to  whether  they  were  adapted  to  European 
conditions,  with  the  consequent  result  of  occasional 
failure.  The  author  proposes  in  the  following  paper  to 
describe  some  developments  based  on  American  ex- 
perience and  adapted  to  European  requirements. 

ELECTRIC    SHUNTING     AND    MINE    LOCOMOTIVES. 

The  great  advantages  of  the  utilisation  of  electric 
power  as  compared  with  steam  are  particularly  noticeable 
in  this  connection,  as  is  proved  by  the  reduction  in  the 
cost  of  working  and  an  efficiency  hitherto  unattainable. 
The  following  are  the  two  types  of  locomotives  which 
have  proved  most  serviceable  ;  first,  the  shunting  loco- 
motive of  medium  tractive  power  and  high  speed  ;  and 
secondly,  mine  locomotives  of  high  tractive  power  and 
low  speed.  Both  of  these  types  are  distinguishable  from 
one  another  chiefly  by  their  general  mode  of  construction. 
The  following  are  the  chief  points  in  the  construction  of 
standard  electric  locomotives.  Each  axle  is  driven  by  a 
special  motor,  by  which  means  great  efficiency  and  high 
tractive  power  are  assured.  The  motors  are,  moreover, 
arranged  that  any  one  of  them  can  be  cut  out  if  desired, 
and  as  the  result  the  speed  of  the  engine  can  be  regulated 
according  to  the  load.  The  shocks  experienced  at 
starting  and  stopping  are  also  less  severe. 

In  the  smaller  steel  works  where  the  use  of  locomotives 
would  not  be  profitable,  electrically  driven  capstans  can 
be  employed  to  advantage.  The  driving  mechanism  of 
these  capstans  is  enclosed  in  water-tight  cast-iron 
casings,  which  are  placed  beneath  the  level  of  the 
platform  so  that  only  the  round  warping  end  of  the 
capstan  projects.  These  capstans  are  usually  constructed 
with  a  tractive  power  of  five  tons. 

ORE    AND    COAL    TRANSPORTING    APPLIANCES. 

The  construction  of  ore  and  coal  unloading  appliances 
was  first  developed  in  the  United  States;  an  arrangement 


ELECTRIC    ORE-TR.4NSP0RTER    BELOW   THE    ORE-BINS,    ,\ND    ELECTRIC 
BL.«T-FURN.\CE  CH.\RGER. 
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of  this  kind  being  indeed  necessitated  by  the  vast 
quantities  of  coal  and  ore  which  required  transportation 
n  the  harbours  or  ironworks  in  that  country.  The 
Brown  Hoisting  Company  was  the  pioneer  in 
this  respect,  and  has  earned  for  itself,  both  in  America 
and  in  Europe,  a  well-deserved  reputation.  The 
unloading  arrangements  correspond  in  their  general 
features  to  the  construction  adopted  by  the  Benrath 
Engineering  Company,  which  pays  special  attention 
to  the  avoidance  of  the  use  of  wire  ropes.  The  trans- 
port of  the  materials  upon  the  overhead  track  is 
effected  by  means  of  an  electrically  driven  trolley, 
equipped  with  a  hoisting  arrangement  of  simple  design. 
Tliis  trolley  can  be  constructed  with  either  one  or  two 
jibs,  within  the  range  of  w^hich  are  the  ship  at  the  one 
extremity  and  the  railway  track  at  the  other.  The  trans- 
porting capacity  of  the  Brown  conveyers  is  considerable, 
varying  between  So  and  loo  tons  of  ore  or  coal  per  hour. 
It  is  a  further  advantage  of  this  system  that  for  the  mani- 
pulation of  the  entire  transporter  only  one  operator  is 
necessary.  Moreover,  after  each  lift  that  portion  of  the 
jib  projecting  over  the  ship  is  automatically  drawn  back, 
so  that  cither  the  ship  can  be  warped  or  the  travelling 
bridge  be  moved  along  without  the  necessity  of  folding 
up  any  part  of  the  bridge. 

ELECTRICALLY     DRIVEN     ORE-TRANSPORTING 

ARRANGEMENTS     BENEATH      THE     ORE       BINS      AND 

THE     ELECTRIC     BLAST-FURNACE     CHARGER. 

After  the  ores  have  been  conveyed  to  the  ore  tipping 
ground  or  to  the  ore  bins  by  means  of  the  transporter 
previously  described,  it  is  an  essential  condition  that  the 
ore  and  coke  should  be  transferred  to  the  top  of  the  blast- 
furnace with  the  least  possible  handling  and  cost  of 
labour.  For  the  performance  of  this  work  also  electric 
energy  is  admirably  adapted. 

In  the  design  of  a  charging  apparatus  de- 
scribed by  the  author,  particular  attention  had 
been  paid  to  the  following  points  : — 

(i)  The  whole  of  the  mechanism  was  driven 
electrically. 


lil.AST-KfRNACE     CHARGKR. 

(2)  Hopper-shaped  trolleys  were  provided  to 
run  beneath  the  ore  bins. 

(3)  A  single  hoisting  arrangement  served 
several  blast-furnaces. 

Parallel  to  the  row  of  blast-furnaces  are  arranged  the 
two  ore  and  coal  bins,  which  are  tilled  direct  by  the  ore 
transporter  or  from  the  railway  cars  on  a  track  above 
them.  Below  these  bins  runs  a  hopper  trolley,  which 
can  be  tilled  from  any  one  of  the  bins  above  it.  A  plat- 
form is  built  along  the  row  of  blast-furnaces,  which  convey 
the  hopper  to  the  hoist,  where  it  is  tipped  into  the 
hoisting  skip.  This  skip  is  attached  to  a  trolley, 
which  is  provided  with  a  hoisting  gear  and  runs  on  an 
elevated  track  above  the  blast-furnaces.  The  skip  after 
hoisting  is  conveyed  by  means  of  this  trolley  to  any  one 
of  the  furnaces,  and  the  contents  are  automatically  dis- 
charged on  to  the  bell.  Assuming  that  a  single  charge 
which  the  bell  is  capable  of  supporting  amounts  to  10 
tons,  the  arrangement  above  described  can  deal  with  a 
qu.uitity  aniotnitiiig  to  Joo  tons  per  hour. 

AN    ELECTRICALLY   DRIVEN    TILTING    ARRANGEMENT 

FOR   MIXERS,   OPEN-HEARTH    FURNACES,   AND 

CONVERTERS. 

For  this  purpose  also  electric  power  can  be  suitably 
.ipplied.  The  large  heavy  pig-iron  mi.xers  were  hitherto 
operated  by  means  of  one  or  two  hydraulic  cylinders,  an 
arrangement  that  can  now-  be  replaced  by  a  combination 
of  levers,  which  receive  their  motion  direct  from  a  motoB 
and  crank.  The  motor  is  placed  as  far  as  possible  from 
the  mixer,  so  that  in  pouring  in  the  molten  metal  the  risk 
01  injury  by  the  splashing  of  the  metal  is  avoided,  and  it 
is  not  too  much  exposed  to  the  excessive  heat.  .Vs  regards 
the  arrangement  of  motors  for  tilting  the  converter,  this 
is  in  accordance  with  the  details  previously  given  in  the 
case  of  the  mixer,  and  the  power  is  transmitted  by 
means  of  spur-wheel  and  worm-gearing.  The  power 
necessary  for  tipping  the  mixer  or  for  tilting  the  open- 
hearth  furnace  .amounts  to  about  7  h.p.,  and  the  time 
required  for  the  performance  of  the  operation  is  not 
more  than    half  a   minute.     For  the   converter,  on   the 
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Other  hand,  since  the  contents  of  this  must  also  be 
Hfted,  the  requisite  power  is  about  60  h.p.,  and  the  time 
in  thi<  case  is  about  one  minute. 

ELECTRIC     ADJUSTER    FOR     INGOT    CARS. 

In  most  of  the  American  open-hearth  steelworlcs  the 
method  has  now  for  several  years  been  followed  of 
pouring  the  metal  direct  into  the  ingot  moulds  when 
standing  on  small  cars.  By  this  plan  the  whole  of  the 
time  and  labour  in  the  casting  pit  is  saved.  At  the 
Differdingen  works  also  this  system  was  introduced 
some  years  ago,  and  is  working  with  signal  success. 

The  charge  from  the  open-hearth  steel  furnace  is 
tapped  direct  into  a  casting  ladle,  and  is  conveyed  to  a 
platform  at  one  end  of  the  casting  shed.  Here  the  steel 
is  poured  into  the  ingot  moulds  mounted  on  the  cars, 
which  latter  are  drawn  forward  one  by  one  upon  a 
track  alongside  of  the  casting  platform.  In  order  to 
adjust  the  ingot  cars  without  moving  the  crane,  an 
electric  adjusting  gear  for  pulling  forward  the  cars  is 
provided,  and  an  arrangement  of  this  description  was 
constructed  for  the  Difl'erdingen  works  by  the  Benrath 
Engineering  Company. 

THE  FURTHER  PROCESS  OF  HANDLING  INGOTS 
IN  STEELWORKS  BY  MEANS  OF  (1)  ELECTRI- 
CALLY DRIVEN  STRIPPING  CRANES,  (2)  COM- 
BINED SOAKING  PIT  AND  STRIPPING  CRANES, 
(3)     SOAKING     PIT     CRANES. 

As  a  necessary  adjunct  to  the  above-mentioned  method 
of  the  direct  casting  of  ingots  upon  cars,  the  ingot 
^stripper  plays  an  important  part.  Such  machines,  of 
various  design,  were  iirst  constructed  by  the  practical 
Americans.  In  the  latter  types,  electricity  as  the  driving 
medium  has  replaced  hydraulic  power.  The  difficulties 
which  had  to  be  overcome  in  order  to  adapt  electricitv  to 
this  purpose  lay  in  the  fact  that  the  pressure  to  be  e.verted 
is  very  considerable  in  order  to  force  out  the  hot  ingot 
from  the  ingot  mould.  By  the  employment  of  screwed 
spindles  the  problem  was  at  length  solved,  and  there  are 
now  several  such  ingot  strippers  with  screwed  spindles 
in  active  operation.  The  ordinary  electrically  driven 
ingot  stripper  only  draws  the  mould  from  off  the  ingot, 
and  afterwards  places  the  empty  mould  upon  another  car 


provided  for  the  purpose  in  the  neighbourhood.  There 
is,  on  the  other  hand,  an  entirely  new  kind'  of  con- 
struction, which  is  better  adapted  for  production  on  a  small 
scale.  This  is  a  combination  of  a  stripper  and  soaking  pit 
crane,  by  means  of  which  it  is  possible  first  to  strip  off  the 
mould  and  afterwards  to  pick  up  the  ingots  with  the 
same  tongs  and  convey  them  to  the  soaking  pits,  .\fter 
reheating  they  are  extracted  and  carried  by  the  same 
crane  to  the  live  rollers.  .An  electrically  driven  soaking 
pit  crane  with  automatic  gripping  tongs,  with  the  raising 
and  lowering  of  the  ingots  effected  by  means  of  a  screwed 
spindle,  and  one  operator  only  necessary  for  the  service 
of  the  crane  and  manipulation  of  the  tongs,  has  been  in 
operation  for  several  years  at  the  Differdingen  works, 
and  from  the  time  that  it  was  first  put  into  operation  has 
worked  admirably,  dealing  with  the  entire  production  of 
ingots  made  at  these  works. 

In  this  connection  might  be  mentioned  the  well-known 
charging  machine  for  open-hearth  and  horizontal  re- 
heating furnaces,  by  means  of  which  considerable 
economy  in  power  is  secured,  as  well  as  in  increased 
efficiency  of  the  steelworks.  These  machines  also  bear 
further  testimony  to  the  advantage  of  applying  elec- 
tricity as  a  source  of  power  in  the  steel-making  industry. 

ELECTRICAL     APPLIANCE     FOR     LIFTING     THE 
SOAKING     PIT    COVERS. 

Among  the  more  recent  electrical  appliances  for  iron 
and  steel  works  may  be  mentioned  the  lever  combination 
for  raising  the  lids  of  soaking  pits.  By  the  adoption  of 
this  arrangement  hydraulic  cylinders,  which  are  ordinarily 
used  to  pick  up  and  carry  away  the  covers  of  these  pits, 
can  be  dispensed  with.  The  apparatus  is  constructed  to 
span  one  to  three  rows  of  soaking  pits,  and  is  able  to 
serve  a  very  large  number  of  these. 

LIVE     ROLLER      DRIVING     GEAR. 

In  the  general  construction  of  electric  driving  gear  for 
live  rollers,  as  usually  carried  out,  two  motors  are  used 
for  the  heavier  roller  trains  lor  ingots  or  for  long  trans- 
porting trains  of  rollers.  In  other  cases  a  simple  driving 
gear  with  one  motor  is  employed  for  standard  roller 
trains  of  lighter  construction.  These  trains  of  rollers  are 
so  well  known  that  to  describe  them  in  detail  here  would 
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be  superfluous.  It  is  only  necessary  to  remark  that 
this  method  of  driving  them  is  greatly  superior  to  the 
ordinary  methods  of  steam  driving.  It  has  unfortunately 
been  impossible  to  give  diagrams  and  other  data  in  con- 
nection with  these  electric  roller  driving  gears  on  account 
of  the  shortness  of  time  available,  hut  the  author  hopes  on 
a  future  occasion  to  be  able  to  give  fuller  details. 

COGGING   TRAIN    WITH    ELECTRICALLY     DRIVEN     LIVE 

ROLLER  GEAR,   ROLL    SCREWING  GEAR,    UPSETTING 

AND  TRANSFERRING  GEAR. 

A  cogging  tniiii  willi  live  rollers  illustrated 
by  Mr.  Kylberg  was  designed  exclusively  for 
electric  driving  : — 


A  novel  arrangement  in  connection  with  this  cogging 
mill,  W'hich  so  far  as  the  author  is  aware  has  never  hitherto 
been  put  in  operation  in  Europe,  is  tlie  electric  screw 
gear  for  the  adjustment  of  tlie  upper  roll.  This  arrange- 
ment was  first  designed  in  1S95  by  the  firm  of  Mackintosh 
Hemphill  and  Co.,  in  Pittsburg,  for  the  various  rolling 
mills  of  the  Rethleheni  Iron  and  Steel  Company.  At 
first  the  arrangement  consisted  of  au  electric  motor, 
placed  between  the  two  housings,  for  the  adjustment  of 
the  upper  roll.  .  A  great  difliculty  was,  however,  ex- 
perienced in  keeping  the  motor  cool,  on  account  of  the 
proximity  to  the  heavy  slabs  and  the  exposure  to  the  great 
heat  which  radiated  from  these. 

In  iSiSy,  when  the  Bethlehem  ^teel  works  were  taken 
over   by  the   Carnegie    interests,  and  were  re-crectcd  in 
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COMIIINKI)    I'lT   ASH  HTKII-I'INU   CRAXK. 


Iliiiiuiitrii(l,  II  \v.i«  mmn  liMiml  tii'coHt.ny  li>  allir  llic 
iiicthiiil  ol  iliiviiitj,  .111(1  llii'  vvlinli-  III  llic  iiioturH  fm 
.ulii.illiiii  till'  «in'\vlii|{  HIM"  well'  I'liKi'tl  al  line  ^lili'  uC 
llu'  Inillilliiu,  llii'  iiinliiin  Ih'Iiic  li.iiKiiillti'il  hv  niviiiii  nf 
K'lN.  rhi»  'Vilfin  Will  liiillici  iiiiutllu-il  hy  llu-  Well- 
mmi,    »c«vcr    I'miipMny,   wlm  iim«lruclcil    an    I'lcvtiii 


ailiiislinc   jjcar   in    wIikIi  one  nmlor  only  was  employed 
which  wa-i  lived  im  the  onler  side  <if  Ihe  housinj;, 

Iheie  adjiislin^  years  weie  inspeeled  hv  the  antlmr 
(in  Ihe  occasion  ol  a  visit  to  Alabama,  near  Kirminf^ham, 
and  their  working  was  all  thai  could  hv  desired.  The 
diivinijwasellecled  hv  means  o(  an  electric  motor  too  h.p. 


^r**   ■''^  ~i 


CWIOINU   TKAIN. 


NolahU*    I\ritish     rap«M-s    ol     <h«-     Mtmlh. 


.|OiJ 


I'lie  iu'i'ithu«ineiil  <lc"»'i  Ihctl  lit  lite  |M'p>iOhl  \\t\\w\'  \m»  the 
iivl\.itil.t|ip,  im  oi<iit|Micil  wlllt  Hip  Aiiin it  mii  tlv'»it!it,  IhttI 

IIK'  lIllVlltB  lit  lltp  Kl'ICW  lUllllxllitU  UPitI  In  PlliHiplI  I'V 
llllMIK  III  two  lUillilln,  iKIO  nil    fllllPI    "ilW   ill  lIlP    IHIII»ilia' 

Kdlici  iiioliii  I'iiii  l>o  (III  11111,111  IlipViilii  Wiiik  (iiBPlliri 
III  llic  •limp  iii.iiiiiri   ,i>  ilpnoi  ilipil  III  llip  Piiilipi  |iiiilliiii 

111    lllC   |M|il'l,  In'  Willi  ll    IIIPllllo  lllp  "PCPlI    III   illtjIlalllU'lll 

v.iii  lip  vrtiicil  iix  ilpuli'pil,  Tlip  oV'iPiii  <if  Iwii  iiiiiiiin 
rimiiicn,  liculdm,  il  kipiiIpi'  |i|pv'l"iiiii  nl  inllnii,  rtiul  In 
vMKp  Pitlipl'  iiiiilnr  In  liuiitiitclliilpil  irmil  iliiv  iitimp,  llip 
ntllpr  Wnllld  nllll  lip  nilllliiplll  In  |iilliillll  lllp  liri'pnaill  V 
wink  III  iltljllollllplll, 

riip  llliiplliiiK  illlil  ll'itunrcri'llllj  iJPiir  U  rtlnn  plewll  k'rtllv 
<i|H'iiiK'il  III  iti.iiiv  liinliiia'pn,  mill  llip  livilirtiilU' (iii(iii|ip= 
lllplili  lilllinln  ill  viij/iip  lirivp  lirpii  iii|iriipt|pil 

KLKt!!  nil'At  LV       nnlVCN       IIIM       OAVV. 

I''iil'  tllllllltJ  Hip  nptlliilio  (10  llii'V  tiHiie  liniil  tlip 
lilllnhllllt  liilln  ViiiliHin  kllliln  nf  nVVlntfllltS  °>IW'<<,  illivpil  hv 
nlp.iiii,  liiivp  IH'pii  IiivpiiIpiI      III  iill  llipnp  iirniimmilpiiln  ilic 

IlilvmUPIIIPIII  111  lllp  nilW  Wiln  ilUViiyn  PllptlPil  I'V  IIIPillll  "I 
Hip  liviliaillli'  I  vlilnU'l.  All  plpdlii'  iininlpl  lidlillU  pil  linl 
n.uv  la  iiiiIiIp  iiilpiitlpil  In  I'ppliU'e  lllp  liyiliiiiilU  t-Vlliiilpi  I 

lllp  niiw  llnpll  lipliiu  iilmi  ill'ivpll  hv  (III  plpi'lrU'  lllnliil', 
Willi  lllln  llill  nilW  (Jlrilplnlll  (I  l|p|l|||  III  -^yl  IlllllllllPirP') 
m  III.)  t'illl  hp  Iill.  'rilP  llldlllplpl  lit  lIlP  tllH  In  lijiOtt 
iiiilllMirIrn  (,(  II,  11  III,),  rtllillllP  vplnwlly  (it  lllp  |iPll|i|lPIV 
I .  (1.1  HI,  Iri^  (ipl  opi'iMul  (lijHd,),  Tlip  (luvvpi'  llPl'pnnrtiy 
liii  ill  Ivliiu  lllp  nilW  In  (ihiiul  60  li,|i  ,  .iiiil  11  U  I  (ipdlilp  ur 
llliiklliK  IHr  I'llln  ppi   llllhlllr. 

Ali.lllniAiiir    'tior    riitt    rirulii  A  i  iimu    imc    ikniiiii 
ur    uiniicna   uui    av    imc    hui    raw. 

iiiii  .11  i.iiit'i  iMi'iii  lo  PMPi'tliiiulv  lunvpiiipiii  iiir 
.iilliialliit;  llip  K'liulli  III  lllp  iiiiilpiliil  III  lip  i^iil  iiliil  lllp 
Initjlli  111  lllp  illllpipill  npt'lliiiin  ;  II  |ipllllil=>  il  Villiitlliid 
III  lllp  »l/p  111  llip  liiito  111  ^  iiiplrpo,  A  ?=ll,|i,  lliiiliir  in 
llapil   Ini    1111111:111111:  Hip  alii|in  wlikll  ilPlprilllllP  lllp   IPIItjHl 

111  Hip  ifixicii  <ii>iI  Hip  n|ii|in  piiii  lip  liiivpiKPil  Hiniiigliiiul 
Hipli  piilirp  iiincp  wiililii  liiill  It  iiiliiiilp.  riip  liiiin  itiitl 
(jliilpin  k'tiii,  HiPirliiip,  lip  tipnil  Willi  Willi  iHimiUite  l^dyu- 

l.llllV   A-.   till  \    1  "UK     lilil::lll  ll    flMlll   III,     I,, ill 
IIOI       ncil     VVIIII      CIO.IIIK         I  IIANQrClltllNU     (ICAn 

Hip  li,ii|ti|iiill  III  llip  npplliiiia  ii|iiiii  ||ip  ImU  lipti  Kill 
•  li-iii   lip  pllpilptl    I1V  illl  pIlH  Ilk  lltllinlplllllU  gP(M,  Wllk'll 

il    tiiliiiilpil   hv   wliP    iii|n'n  tlrlvph    liv  (I   miilni.      An 

.l|i|l|llllUP  III    Hlln    klllll    IMPnpllIn    Ilii    alllklllU    IMlVpllV,  llllt 

I  wiiilliv  III  iiipiilliiii  III  iiiilpi'  III  kiiiii|i|p|p  Hip  piiiiiiiprd' 
ti'iii  III  Hip  Viii'liiiin  iiivi^  lunik  ill   tU'vivpn  piii|i|iivpil  in  ii 

li'PJWiil'kn,  Tllpnp  upiirs  t'dll  lip  mnnlriltlpd  In  lldllillp 
liUllI  III'  Imuvy  nPpHnlin,  dllll  npVPIdl  nlii'li  ll'iinnlpl'l'pi'a  lilll 

lip  |ii'iivklotl  III  imp  liiil  I1P1I.    't'lipy  nliiiiilil,  hiiwpvpi,  hp 

lililp|ipnillin(  of  Pitpll  iiHlPI,  dllH  d  nplMlldlp  lllnlnr  nt 
'  li,|i,  cdti  lip  nii|i|i||pi|  iiii  tliivlh^  Hipni,  IW  Hipli 
nil  itin  ulrilpi'A  «:iin  lip  liii'iipil  nVPl   diiij  |ildi  nl  iipHt^lil   II 

.1.       .Mil. 

CLKOTniOALLv    iinivcN   iiriiNij    lAnic    run    imaic 
nOLLINU    AND    WlnC    nULkINU    MILLS. 

An  pii,iin|ilp  III  Hlln  In  hiriilnlipil  ky  ,{  iinjvpi'ndl  Hirea- 
IiikIi  iiilllnii  mill  wllli  an  ('lr(,'lrkdlly  iIiIvpii  IIHIiiu  I.iIiIp 
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and  a  central  roll  adjustable  by  electrical  means.  Lifting 
tables  of  this  kind  have  been  in  successful  operation  for 
several  years  past  in  America,  and,  in  the  author's  opinion, 
the  employment  of  such  apparatus  in  European  steel- 
works would  be  extremely  advantageous.  A  rolling  mill 
equipped  with  lifting  tables  of  this  description  is  at  work 
at  the  Carnegie  Steel  Company's  works  in  Pittsburg,  and 
the  author  noted  on  the  occasion  of  his  visit  that  they 
were  capable  of  being  reversed  twenty  times  per  minute 
without  overstraining  the  motors  in  any  way.  In  general 
the  following  principle  may  be  taken  as  applicable  in  the 
standard  practice  of  electric  driving  in  ironworks  :  that 
the  motors  should  be  of  as  nearly  as  possible  the  same 
power  and  type.  By  this  means  the  cost  of  repair  is 
lessened,  and  the  changing  of  the  working  parts  when 
worn  out  can  be  more  easily  effected. 

In  conclusion,  the  paper  describes  the  advan- 
tages of  electrically  driven  rolling  mills  and 
cranes  : — 

CANTILEVER    CRANES. 

In  the  stock-yard  of  a  large  ironworks  it  is  also  of 
considerable  advantage  to  employ  the  system  of  cranes 
known  as  cantilever  cranes,  which  traverse  the  whole 
length  of  the  yard,  and  are  so  constructed  that  the  pro- 
jecting arms  of  the  centre  crane  can  just  touch  the  outer 
extremities  of  the  two  outside  cranes.  By  means  of  this 
arrangement  the  expensive  structural  ironwork  for  long 
runways  can  be  dispensed  with,  and  the  entire  yard  can 
be  served  by  means  of  this  most  simple  arrangement.  A 
further  advantage  also  consists  in  the  great  economy  of 
power  in  transporting  comparatively  light  loads,  since  a 
single  heavy  crane  need  not  be  employed.  In  order  to 
reduce  as  much  as  possible  the  great  number  of  revolu- 
tions of  the  electric  motors,  a  worm-gearing  can  be  em- 
ployed with  advantage.  These  have  now  been  brought 
to  so  great  a  state  of  perfection  that  an  efficiency  of  90  per 
cent,  has  been  obtained. 


THE    APPLICATION    OF    ELECTRIC 

POWER  IN  THE  IRON  AND 

STEEL  INDUSTRIES. 

\  T  tiie  1  )iisseldor£  meeting  of  the  Iron  and 
-^*-  Steel  Institute  an  instructive  paper  on  the 
above  subject  was  read  by  Mr.  D.  Selby-Bigge, 
of  Ne\vcastle-on-Tyne.  In  placing  this  paper 
before  the  Iron  and  Steel  Institute,  the  author's 
one  endeavour  has  evidently  been  to  show  what 
are  the  immense  possibilities  and  advantages  to 
be  derived  from  carefully  considered  electric 
power  schemes.  He  has  succeeded  in  putting 
the  subject  forward  plainly  and  in  a  practical 
light,  the  thirty-two  pages  of  his  valuable 
contribution  containing  data,  information,  and 
subjects  for  much  thotight  and  consideration. 


SAVINGS    EFFECTED    IN    WORKS. 

For  the  Hamburg  quayside  cranes   the  total  working 

expenses  were  as  follows ;  Wages  for  cranesmen,  coal 

or  electric  current,  cleaning  and  oil  (excluding,  however, 

repairs)  per  ten  hour  run  per  crane,  taking  the  average 

during  the  year  : — 

Cost  per  Ten 


1.  Brown  single  steam  crane    

2.  Steam-winch  crane... 

3.  Steam  crane  driven   througli   jiipes 

from  steam  plant...  

4.  Electric  crane 


Hour  Run. 

lOS. 


I2S. 

7s. 


1893-94 


189S 


In  1901  the  working  cost  of  182  Brown's  cranes  came 
to  IIS.  4d.  per  crane  per  ten  hour  run,  whereas  that  of 
the  electric  cranes  was  the  same  as  in  1898,  viz.,  7s. 

In  1898  the  .steam  cranes  lifted  1,825,880  tons  in 
315,083  hours,  the  working  costs  amounting  to 
;£2o,5i6  4s.,  so  that  the  cost  per  hour  (inclusive  of 
repairs)  amounted  to  410,324 -f- 315,083  =  1-302  shillings, 
or  about  is.  4d.  per  working  hour. 

The  cost  per  ton  lifted  would  be  0-2247  of  a  shilling,  or 
nearly  2|d. 

The  electric  cranes  lifted,  from  January  ist,  1898,  to 
September  30th,  1898,  77,697  tons  in  10,190  working  hours, 
the  costs  being  2,664  shillings  for  current  (2d.  per  K.W., 
hour)  and  4,462  for  wages,  etc.  Thus  for  one  ton  of 
goods  lifted,  the  cost  is  nearly  id. 

Taking  next  the  case  of  the  Westinghouse  .-iir  Brake 
Company,  Wilmerding,  Penn.,  U.S.A.,  the  boilers  in  this 
shop  were  formerly  driven  in  groups,  30  steam  engines, 
aggregating  1,375  h.p-  being  used  for  the  purpose.  The 
engines  were  supplied  vifith  steam  from  the  central  boiler 
plant.  For  this  system  was  substituted  an  alternating 
current  system,  the  generators  supplying  induction 
motors  driven  by  Parsons'  ste.im  turbines  ;  the  shafting 
used  was  divided  into  shorter  lengths,  and  the  30  engines 
were  replaced  by  57  motors,  aggregating  1,065  h.p.  In 
order  to  have  an  accurate  comparison  of  the  two  systems, 
several  tests  were  made,  extending  over  some  days,  with 
the  following  results  :  The  reduction  in  steam  consump- 
tion was  found  to  be  40  per  cent.,  and  the  reduction  in 
coal  consumption  32  rt,. 

Before  a  meeting  of  the  Franklin  Institute  in  1901,  Mr. 
Samuel  "Vauclain,  Superintendent  of  the  Baldwin  Loco- 
motive Works  at  Philadelphia,  U.S.A.,  stated  that  if 
electric  driving  in  their  works  should  be  abandoned,  the 
manufactured  product  would  cost  20  to  25  per  cent,  more 
for  labour,  and  the  floor  space  would  have  to  be  increased 
40  per  cent,  to  maintain  the  present  output. 

At  a  large  colliery  in  South  Durham  the  pumps  were 
originally  of  the  spear  rod  type,  worked  from  bank,  and 
the  pumps  delivered  about  1,000  gallons  per  minute 
against  a  head  of  400  feet. 

Owing  to  the  room  which  these  pumps  occupied  in  the 
shaft,  and  it  being  desired  U>  put  in  another  cage,  which 
could  not  be  done  with  the  pumps  in  the  shaft,  the  pumps 
were  removed  and  in  their  place  was  substituted  a  hori- 
zontal compound  coupled  engine  of  400  h.p.,  one  250 
K.W.  dynamo  arranged  to  drive  the  two  pumps  at 
present  installed,  also  an  additional  pump,  and  the  coal 
cutting  machines. 

This  machinery  was   placed    at   a    colliery  where  they 
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were  able  to  utilise  coke  oven  gas.  The  colliery  being 
1,000  yards  from  the  shaft  where  the  pumps  were 
originally  installed,  the  current  was  carried  overhead  by 
cables  and  down  the  shalt  by  two  sets  of  ii  by  18  three- 
throw  pumps,  each  delivering  500  gallons  per  minute 
against  a  head  of  400  feet. 

It  is  estimated  that  the  saving  in  fuel  alone  is  over 
£1,500  per  annum  ;  in  addition  to  this  the  shaft  can  now 
be  used  for  winding,  and  the  output  of  the  collierv  very 
considerably  increased. 

In  one  of  the  collieries  in  Northumberland  the 
workings  were  pumped  by  means  of  seven  single-barrel 
pumps,  each  set  delivering  about  100  gallons  per  minute, 
these  pumps  being  driven  by  an  endless  wire  rope  from 
two  hauling  engines,  steam  being  supplied  by  locomotive 
boilers  underground. 

This  plant  was  taken  out,  and  in  its  place  was  sub- 
stituted a  horizontal  engine  with  automatic  triple  ex- 
pansion gear  driven  on  to  a  dynamo,  and  the  e.visting 
pumps  were  utilised,  the  pumps  being  driven  through 
machine-cut  worm  gear  by  6-h.p.  motors,  and  in  all  eight 
sets  were  so  arranged. 

The  total  cost  of  the  electric  plant,  exclusive  of  erection, 
was  a  little  over  ^'3,000,  and  the  annual  saving  was  from 
/'i,500  to£"i,Soo. 

The  author  then  proceeds  to  give  othervery 
interesting  examples  of  savings  effected  in  works, 
which  we  regret  we  have  not  space  to  repro- 
duce. ■  •  •  . 

COST    OF    PRODUCTION. 

The  author  has  frequently  been  asked  a  very  obvious 
and  reasonable  question,  viz.,  what  is  the  cost  of  produc- 
tion should  we  adopt  an  electric  plant  in  our  works  ?  In 
answer  to  this  the  author  has  drawn  upon  a  number  of 
cases  of  different  kinds  and  in  different  parts  of  the 
country,  showing  the  rate  at  which  the  works  owner  can 
generate  his  own  electricity.  These  figures  are  taken 
from  actual  examples  of  every-day  working,  and  are  not 
in  any  way  test  figures  taken  for  the  purpose  01  this 
paper.  Taking  these  figures  as  a  basis,  it  is  an  easy 
matter  for  a  works  owner,  once  having  ascertained  the 
total  horse-power  which  will  be  involved  in  the  driving 
and  lighting  of  the  entire  works,  to  see  for  himself  at 
what  expenditure  per  annum  he  can  run  his  works  upon 
the  new  system. 


COST    OF    ELECTRICITY     DELIVERED    ON 
SWITCHBOARD. 

Test  of  I39i  hours,  Xovi-mbcr  17U1  to  2yd,  1901,  lirilaiiuui 
Works. 


Cost  per  B.T.U 


Coal  3*04lbs.  at  IIS.  6d.  per  ton 0*187  ^^47 


Cost  per  week. 


Mean  current  (amps.) 
Mean  pressure  (volts) 
Mean  power  (watts) 
Mean  electric  horse-power 
iio.ard  of  Trade  units 
Weight  of  steam  per  B.T.U. 
Weight  of  coal  per  B.T.U. 


433.000 
580-42 
60,403 
2752  lbs. 
3  04  lbs. 


Water  zT^z  lbs.  at  3jd.  per  1,000  gallons 

Stores 

W.iaes  

Repairs*       

Superintendence 

Xct  cost  per  B.T.U 

Interest  and  Depieciation  on   ^15,000  at 
10  per  cent,  per  annum 


O'00</)3 
ooc*/)5 
006G25 
00159 
o-ony2 


4    o 
8    6 
2   10     O 

16  13  3 
400 
300 


O'3Oo05d.      £75  13    9 
oog9d.  per  unit. 


Cosr  PKR  E.H.I'.  PKK  Ilork. 

Co;tl  2-27  lbs.  at  lis.  fid.  per  ton       0-1395 

Water  20-53 lbs.  .at  jjd.  per  1,000  gallons 000718 

Stores       |- 00074 

W.ages     ...        ...        0-0494 

Repairs 0-01185 

Superintendence  ...         ..  ...  0-00S9 


Mean 


I.H  P.  at  75  per  cent,  efliciency,  773.      vi 
W.iler  per  I.H. P.,  154  lbs. 


o-22423d. 
Coal  per  I.H.1>.,  i-7o5lbs 


The  autlior  is  indebted  to  Messrs.  Richardson,  West- 
garth  and  Co.,  Ltd.,  West  Hartlepool,  for  the  following 
information  on  the  subject  of  the  economy  effected  by 
the  introduction  of  electric  driving  into  their  works.  The 
following  is  a  rough  summary  of  the  changes  which 
have  been  effected  : — 

These  works  were  formerly  driven  by  about  thirteen 
small  and  uneconomical  steam-engines  scattered  about  in 
different  places,  the  maximum  aggregate  indicated 
horse-power  of  which  would  approximately  be,  say,  300 
to  400. 

Steam  tor  these  engines  was  furnished  by  a  battery  of 
twelve  boilers,  and  the  coal  consumption  for  the  driving 
of  the  works  was  approximately  100  tons  of  coal  per 
week. 

Five  years  ago  the  driving  arrangement  of  the  works 
was  remodelled  by  the  substitution  of  electric-motors  lor 
the  various  engines — a  power-house  being  built  in  a 
central  position,  and  equipped  with  two  boilers,  each 
15  in.  by  10  in.,  two  dynamos,  each  of  about  400  i.h.p., 
and  one  small  machine  of  about  I20h.p. 

The  tools  throughout  the  works  are  now  giving  an 
output  at  least  of  30  per  cent,  in  excess  of  what  it  used  to 
be,  and  arc  burning  from  50  to  60  tons  of  coal  per  week 
for  the  generating  station  boilers. 

The  above  facts  speak  for  themselves  with  regard  to 
the  economies  which  have  been  brought  about  by  the 
introduction  of  electric-driving  into  the  works. 

The  niachinery  throughout  was  constructed  by  Brown, 
Boveri  and  Co..  and  is  of  tlie  three-phase  alternating 
ctirrent  type. 

The  cost  of  renewal  and  repairs  over  the  period  during 
which  the  machinery  has  been  running  (five  years)  has 
been  extremely  small,  certainly  not  1  per  cent,  of  the 
value  of  the  install.ition. 

The  managing  director  of  a  large  engine-works 
informed  the  author  that  they  are  now  running  their 
W'orks  on  "A  tons  of  coal  per  day,  and  are  employing 
800  men. 

Their  work  consists  of  four  distinct  yards,  all  yards  are 
driven  from  one  central  station,  and  in  the  old  method  a 

*  Includes  labour  of  keeping  134  arc  lamps  in  repair. 
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boiler  would  liavc  to  be  placed  in  each  department  or 
else  long  lines  of  wasteful  steam-pipe. 

Their  cost  of  production,  including  interest  and  depre- 
ciation on  capital,  is  0-46  of  a  penny  per  unit. 

At  a  shipyard  on  the  north-east  coast,  using  only 
113  h.p.,  the  cost  of  production  of  electricity  has  been 
lound  to  be  only  0'6  of  a  penny  per  electrical  horse- 
power per  hour,  this  figure  including  all  charges,  interest, 
and  depreciation. 

At  another  shipyard  on  the  north-east  coast  the  saving 
effected  by  the  substitution  of  electricity  for  steam  driving 
shows  a  saving  of  43J  per  cent,  per  £  wages  paid  by  the 
adoption  of  electric  power. 

The  figures  are  as  follows  : — 

COST  OF   POWER   PER  £  WAGES   PAID. 

Coal  and  Gas. 
May  2nd,  1S93,  to  April  24th,  iS(>4. 

Wages  i.'64,S85 

Cost  of  power         2,337 

=  8-66d.  per  £  wages  paid. 

EUclricity. 
.April  30th,  1900,  to  April  30th,  lyoi. 

£126.700 

2,578 


Wages 

Cost  of  power  

=  4-88d.  per  £  wages  paid. 


Taking  the  case  of  another  shipyard  which  was  pre- 
viously driven  by  gas  engines,  the  author  has  received 
the  following  particulars:  "We  have  no  hesitation  in 
saying  that  we  are  getting  at  least  30  per  cent,  more 
power  out  of  our  machines  since  we  adopted  electric 
power  instead  of  the  gas  engines  we  used  before. 

"  As  far  as  the  cost  per  B.T.U.  goes,  we  have  lately 
had  readings  taken,  and  litul  that  last  year's  works  out  at 
about  08  of  a  penny;  this  is  taking  into  consideration  the 
depreciation  on  our  plant,  interest  on  capital,  repairs,  and 
in  fact  everything  which  we  can  possibly  put  down 
against  this  .account." 

The  average  output  would  not  exceed  250  to  300  horse- 
power. 

The  author  is  indebted  to  the  man.iging  director  of 
another  large  shipyard  in  the  Xorth  of  England  for  the 
following  statement:  "Some  years  ago  just  about  the 
time  when  we  first  introduced  electrically  driven 
machines  we  put  in  new  boilers  in  place  of  the  old  ones, 
and  while  it  must  be  remembered  that  the  new  boilers 
are  more  efticient  than  the  old  ones,  I  would  sav  in 
general  terms  that  our  coal  consumption  has  been 
reduced  by  some  40  per  cent.,  although  the  amount  of 
machines  driven  electrically  is  now  greater  than  those 
which  were  formerly  driven  by  steam,  and  consequently 
the  reduction  may  be  even  greater  than  the  percentage 
I  mention  above." 

In  a  letter  the  author  has  received  from  Colonel  R.  E. 
Crompton,  he  states  : — 

"  In  our  works,  which  are  on  a  somewhat  extended 
scale,  the  substitution  of  electric  driving  for  the  old  shaft- 
ing system  has  approximately  halved  our  bill  for  power  ; 
in  fact,  the  whole  of  the  driving  of  the  works  and  tools 
lor  about  1,300  men  is  practically  supplied  by  one 
120  K.W.  set  fully  loaded,  and  it  is  only  when  we  are 


testing  that  we  have  to  run  two  sets  of  this  size,  whereas 
by  the  old  system  we  should  have  had  to  run  two  200  h.p. 
engines  continuously." 

In  summarising  the  above  cases,  it  is  obvious  that  the 
greatest  economy  results  in  the  substitution  of  electricity 
for  steam  in  those  cases  where  the  units  of  power,  both  in 
engines  and  boilers,  are  the  most  subdivided. 

There  are,  howeser,  enormous  advantages  to  be 
derived,  especially  in  the  case  of  intermittently  working 
machinery,  where  the  load  is  of  a  very  variable  nature, 
and  particularly  so  in  all  crane  work,  which  pl.iys  such  an 
important  part  in  all  our  engineering  industries. 

MACHINERY    TESTS. 

The  author  then  gives  an  entirely  new  and 
complete  schedule  of  tests,  which  have  been 
carefulh-  and  accurately  obtained  by  members 
of  his  staff  during  the  past  few  months,  and  he 
trusts  that  engineers  and  managers  of  works 
may  find  these  figures  of  some  practical  service 
and  guide  to  them  in  deciding  upon  the  horse- 
power of  motors  to  be  adopted  for  the  driving 
of  various  classes  of  machinery.  The  list  will 
be  found  to  embrace  the  greater  part  of  those 
tools  usually  found  in  all  engineering  establish- 
ments. 

THE     DEVELOPMENT    OF     ELECTRIC     POWER 
COMPANIES. 

During  the  past  two  years  great  activity  has  been 
displayed  in  England  in  the  formation  of  large  electric 
companies,  dealing  with  extensive  tracts  of  country  and 
covering  under  their  parliamentary  powers  vast  areas  for 
the  supply  of  electricity  in  bulk  to  tramway  companies, 
electric  light  companies,  works  owners,  and  for  manu- 
facturing purposes  gener.ally. 

In  certain  cases, and  under  favourable  conditions,  with 
regard  to  the  district  to  be  supplied,  these  companies  may 
meet  with  success,  but  in  many  cases  the  author  is  of 
opinion  the  matter  has  been  rushed  into  somewhat 
precipitately.  Taking,  for  instance,  a  district  of  a  fairly 
concentrated  character,  or  in  which  a  large  number  of 
small  works  and  factories  exist,  absorbing  each,  say,  100 
to  200  horse-power,  it  might  be  found  that  with  the  power 
company  supplying  them  with  electricity  at  id.  per  unit 
it  would  be  more  prolitable  and  convenient  to  them  to 
obtain  their  power  from  the  company  in  preference  to 
laying  down  their  own  pl'int.  In  cases  such  as  this,  the 
power  companies  should  have  a  good  lield  before  them. 
When,  however,  the  power  company  enters  the  lield  in 
districts  where  all  the  works  are  of  an  extensive  character, 
and  absorb  500 to  5,000 horse-power  in  electric  current  each, 
the  case  changes  its  aspect,  and  it  will  be  found  that  it 
will  be  more  prolitable  f<ir  the  works  owners  to  produce 
their  own  power. 

On  e.xamining  closely  the  cost  of  production  of 
electricity  by  works  owners  in  their  own  works,  it  is 
quite  clear  that  with  generating  stations  of  400  horse- 
power   and    upwards,    e»iuipped   with   economical   and 
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modern  appliances  in  the  shape  of  high-pressure  boilers, 
mechanical  stokers,  triple  expansion  condensing  engines, 
working  with  superheated  steam,  etc.,  the  cost  of  pro- 
duction should  not  exceed  Jd.  pep  Board  of  Trade  Unit, 
inclusive  of  interest  and  depreciation  on  the  capital  out- 
lay. With  bkist-turnace  waste  gases  this  tigure  would  be 
still  less. 

The  author  is  of  opinion  that  in  the  case  of  power 
stations  in  works  dealing  with  1,000  h.p.  and  upwards, 
and  laid  down  upon  the  most  modern  lines,  this  cost  of 
production  can  be  reduced  to  0'4d.  per  B.T.U.,  as 
shown  in  the  case  of  Messrs.  Dorman,  Long  and 
Co.'s  works. 

ADVANTAGES     OF     WORKS     BEING    DRIVEN 
ELECTRSCALLY. 

We  have  in  Great  lirttain  been  somewhat  sluw  in 
making  use  of  all  the  advantages  which  electricity  has 
enabled  us  to  reap.  In  many  parts  are  to  be  found  the 
same  old  low-pressure  boilers,  which  have  done  service 
for  the  past  thirty  years,  with  working  pressures  as  low  as 
15  lbs.  per  square  inch.  In  other  works  are  still  to  be 
found  the  same  old  beam  engines  constructed  in  the 
days  of  Watt  and  Stephenson.  Works  are  still  to  be 
found  in  which  over  100  small  high-pressure  and  non- 
condensing  engines  are  distributed  with  their  mileage 
of  steam  pipes  throughout  the  works — little  or  no 
attempt  having  been  made  to  improve  this  state  of 
affairs.  It  is  in  cases  such  as  these  the  author  trusts  this 
paper  may  be  of  service,  by  showing  clearly  and  in  a 
practical  manner  the  actual  result  which  would  accrue 
from  the  remodelling  of  the  driving  arrangements  upon 
the  electrical  method. 

In  no  country  have  we  finer  examples  before  us  of  the 
achievements  of  electricity  as  a  motive  power  than  in 
Germany,  and  we  must  all  admire  the  skill,  ingenuity 
and,  above  all,  the  enterprise  of  our  German  friends  in 
this  direction. 

There  are  many  outlying  advantages  which  would 
accrut^were  works  and  industrial  establishments  driven 
electrically.  There  would  be  an  enormous  reduction  in 
the  smoke  produced  in  large  manufacturing  centres,  and 
a  proportionate  increase  in  a  healthier  state  of  things  for 
the  inhabitants. 

In  these  days,  when  the  idea  of  coaltields  giving  out  is 
mooted,  there  would  be  a  perceptible  dilference  in  the 
quantity  of  our  coal  consumption,  which,  although 
perhaps  unpal.ttable  to  the  coal-owner,  would  be  most 
welcome  to  the  manufacturer,  who  aims  at  the  lowest 
cost  of  production.  The  application  of  electric  power  to 
the  iron  and  steel,  engineering,  and  manufacturing  in- 
dustries in  Great  Britain  has  certainly  not  developed 
with  anything  like  the  rapidity  with  which  it  has  pro- 
gressed in  .America  and  on  the  Continent. 

THE     POSITION     OF     THE      ENGLISH     WORKS 
MANAGER. 

Generally  speaking,  the  powers  and  responsibility 
vested  in  the  general  manager  of  a  works  in  lingland  are 
very  different  to  what  they  arc  in  a  works  in  America. 
There  the  position  is  one  of  much  greater  latitude  in  the 
scope  of  innovations  and  improvements,' and  of  respon- 
sibility also. 


The  actual  result,  therefore,  is  that  improvements  and 
savings  are  rapidly  carried  out,  and  tlic  board  of  directors 
look  to  their  manager  for  the  expected  improvement  and 
savings,  owing  to  the  manager's  minute  knowledge  of 
the  details  of  the  scheme  he  is  putting  forward  and  his 
great  sense  of  responsibility  in  the  matter.  In  the  author's 
experience  in  dealing  with  firms  in  England,  he  has  most 
frequently  been  struck  with  the  small  scope  of  initiative 
action  allotted  to  the  works  manager,  nearly  every  inno- 
vation and  improvement  being  referred  to  the  board  of 
directors.  This  in  a  very  large  degree  appears  to  be  the 
cause  of  a  retarding  inlUience  on  electric  power  progress 
in  our  country. 

In  brief,  the  scope  and  responsibility  vested  in  tlie 
works  manager  in  America  is  very  different  to  that 
allotted  to  the  works  manager  in  England.  The  board 
of  directors'  decision  is  responsible  for  the  results 
obtained,  and  the  works  manager  carries  out  the  wishes 
of  the  board  ;  on  the  other  side  the  works  manager  is 
directly  responsible  to  the  board  for  the  innovations  that 
have  been  carried  out. 

There  is  one  point  that  has  most  forcibly  struck  the 
author  in  dealing  with  improvement  schemes  lor  works. 
Outside  of  our  own  country  he  has  invariably  been  met 
w'dh  a  first  question,  "What  is  the  saving  to  be  effected 
under  the  proposed  scheme?"  In  England  the  first 
question  put  is,  "  Wh.at  is  the  cost  going  to  be  r" 

Both  are  naturally  very  important  considerations,  hut 
many  is  the  time  that  really  great  and  immediate  savings 
have  been  left  unconsidered  by  that  one  glance  at  the 
first  cost,  and  the  documents  have  been  pigeon-holed  and 
shelved,  only  to  be  brought  out  when  absolute  necessity, 
not  real  enterpri>e,  compelled  them  to  be  resorted  to 
again. 

In  the  many  uses  to  which  electricity  has  been  applied 
as  motive  power,  none  has  proved  more  suitable  than  its 
application  to  shipyards,  dockyards,  and  other  works  of 
this  description  possessing  a  great  number  of  scattered 
and  intermittently  working  machines.  Our  great  dock- 
yards both  at  home  and  abroad  offer  a  case  in  which 
enormous  savings  could  be  effected.  The  reduction  in 
working  costs  of  a  number  of  shipyards  with  which  the 
author  is  acquainted  has  varied  between  30  per  cent,  and 
60  per  ceut.  If  this  same  saving  could  be  effected  in 
similar  establishments,  such  as  our  Goverimient  dock- 
yards, the  result  would  be  highly  benelicial  t-i  the 
country. 


THE  PROGRESS  AND 
MANUFACTURE  OF  PIG  IRON  IN 
GERMANY  SINCE  1850. 
At  the  Dii^seldorf  meeting  of  the  Iron  and 
Steel  Institute,  Mr.  W.  Briigmann,  ot  Dortmund, 
read  a  notable  paper  dealing  with  the  unpre- 
cedented development  of  the  Gennan  iron 
industry. 

.\  comparison  of  the  entire  world's  production  of  pig 
iron  (it<,300,ooo  tons)  in  iSSo  with  that  given  for  1901 
(over   39,000,000    tons)   shows   that   in   this    period    the 
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production  of  pig  iron  has  been  more  than  doubled.  Ahnost 
the  whole  of  this  increase  may  be  apportioned  between 
the  two  countries,  Germany  and  the  United  States.  In 
1880,  the  t'nited  States  ranked  second  among  the  iron- 
producing  countries,  with  a  production  of  3.895,000  tons, 
equal  to  half  the  production  of  Great  Britain  at  that  time, 
and  Germany  occupied  the  third  place,  with  2,729,000 
tons,  or  about  one-third  of  the  English  output.  In  the 
year  1900  there  were  produced  in  America  14  million 
tons  ;  in  England  8-962  miUion  tons  ;  and  in  Germany 
8-351  million  tons.  The  production  of  ;the  United  States 
is  therefore  more  than  three  and  a  half  times,  and  that  of 
Germany  more  than  three  thiies,  greater  at  the  present 
time  than  in  1880,  while  that  of  England  shows  but  a 
moderate  increase. 

The  author  then  touchss  briefly  upon  the 
conditions  which  have  led  to  the  vast  increase 
in  the  manufacture  of  pig-iron  in  Germany. 

Notwithstanding  the  unprecedented  development  of  the 
German  iron  industry,  the  blast-furnace  works  of  the 
country  have  not  been  able  to  meet  the  demand.  In 
the  last  ten  years,  1891  to  1900,  the  excess  imports  have 
amounted  to  1-8  million  tons  of  pig  and  scrap  iron.  It 
must,  however,  be  borne  in  mind  here  that  the  favourable 
condition  of  the  iron  industry  during  the  last  few  years 
has  had  much  to  do  with  this,  since  of  that  quantity  more 
than  one  million  tons  were  imported  during  the  two  years 
1899  and  1900.  It  is  probable,  however,  that  in  the  suc- 
ceeding years  a  change  will  occur,  since  in  1901  the 
exports  exceeded  the  imports  by  100,000  tons,  and  in  the 
first  half  of  1902  by  330,000  tons. 

Mr.  Briigmann  tlien  takes  seriatim  the  follow- 
ing seven  districts,  and  gives  numerous 
statistics  concerning  the  iron  smelting  works 
there  established  : — 

(i)  Rhenish  Westphalia,  exclusive  of  the 
Saar  district  and  the  Siegerland  ;  (2)  The 
Siegerland,  the  Lahn  district,  and  Hesse- 
Nassau  ;  (3)  Silesia  and  Pomerania  ;  (4)  The 
kingdom  of  Saxony  ;  (5)  Hanover  and  Bruns- 
wick ;  (6)  Bavaria,  Wiirtemberg,  Thuringia ; 
(7)  The  Saar  region,  Lorraine,  and  Luxem- 
burg. 

THE     MECHANICAL    APPLIANCES    OF    GERMAN 
BLAST-FURNACES. 

The  improvements  in  the  mechanical  appliances  of 
German  blast-furnaces  are  best  judged  by  the  fact  that 
the  workmen  employed  in  the  blast-furnace  industry  in 
1880  numbered  22,000.  At  the  present  day  some  35,000 
are  employed,  notwithstanding  the  production  being  more 
than  treble  that  of  the  previous  period.  The  improve- 
ments in  the  appliances  for  transport  of  raw  material  and 
iron  have  chieHy  contributed  to  this  reduction  in  the 
proportion  of  manual  labour. 


Extensive  shunting  stations  with  central  signal-boxes, 
and  weigh-bridges  with  hydraulic  or  electric  counter- 
balancing arrangements,  have  been  laid  out.  By  means 
of  these  the  long  trains  of  ore  waggons  can  be  conveyed 
in  a  minimum  ol  time  to  the  raised  tracks  laid  over  the 
ore  tipping  ground.  It  is  particularly  essential  that  those 
works  situated  in  the  coal  district,  which  obtain  their  ore 
from  abroad,  should  possess  facilities  for  stocking  several 
cargoes  within  a  few  days.  The  necessary  space  for 
stocking  large  quantities  in  ore-bins  is  generally  provided 
beneath  the  tracks  on  to  which  the  ore  waggons  are 
run.  The  waggons  themselves  for  transporting  the  ore 
are  self-discharging,  being  fitted  with  flap  side-doors 
The  Talbot  waggon  is  arranged  to  discharge  its  load  on 
either  side  of  the  track. 

Unloading  appliances  of  American  type  (Hunt  and 
Brown)  are  employed  to  convey  the  ore  from  the  hold-> 
of  vessels  to  the  furnace-yard.  The  Krafftwerk  at 
Kratzwieck,  near  Stettin,  the  Vulcan  at  Duisburg,  the 
Krupp  works  at  Rheinhausen,  the  Union  Company  at 
Dortmund,  all  have  installations  of  this  kind. 

Aerial  wire  ropeways  exist  in  almost  every  ironworks. 
The  firm  of  Pohlig  and  that  of  Bleichert  have  constructed 
a  number  of  remarkable  systems  of  ropeways.  These 
are  often  employed  to  convey  the  ore  or  coke  direct  to  the 
top  of  the  furnaces,  or  for  the  removal  of  the  crushed  slag. 
At  the  Henrichshiitte  at  Hattingen  the  whole  of  the  raw- 
material  is  carried  to  the  blast-furnace  by  means  of 
these  suspended  tracks. 

Where  it  is  not  the  practice  to  grind  the  slag,  it  is  got 
rid  of  by  pouring  it  into  tubs  on  tipping  waggons  of 
about  ten  tons  capacity  ;  or  it  may  be  removed  in  ladle 
waggons  similar  to  those  for  liquid  metal.  The  waggons 
are  very  often  of  standard  wheel  gauge.  A  number  of 
these  have  been  built  by  the  Junkerather  Company. 

Owing  to  the  certainty  with  which  the  phosphorus, 
the  heat-agent  in  the  basic  process,  can  be  introduced 
into  the  pig  iron,  the  practice  of  conveying  the  iron  in  the 
liquid  state  from  the  blast-furnace  to  the  steelworks  has 
been  everywhere  adopted  where  the  local  coriditions 
were  favourable.  Mixers  with  tilting  arrangements, 
which  contain  up  to  250  tons  of  metal,  are  also  installed 
at  almost  all  these  works.  Among  many  other  advan- 
tages attending  the  transport  of  liquid  metal,  not  the  least 
is  the  great  economy  in  labour  gained  thereby.  Under 
these  altered  conditions  the  term  "  pig  iron,"  familiar 
also  among  German  iron-workers,  certainly  appears  to 
lose  its  significance.  Casting-machines  have  not  been 
adopted  in  Germany,  for  the  reason  that  almost  all  the 
iron  is  sold  according  to  analysis,  or  is  at  least  carefully 
sorted. 

In  recent  years  the  exterior  of  the  blast-furnace  has 
undergone  considerable  modification.  The  heavy  cast- 
iron  columns  supporting  the  cast-iron  bearer  plate  are 
now  seldom  used,  nor  is  the  framework,  consisting 
mainly  of  four  corner  columns  carrying  the  top  charging 
platform.  In  the  newer  installations  eight  columns  are 
arranged  round  the  furnace-body,  standing  upon  the 
foundation  below  the  free-standing  hearth.  These  are 
carried  up  to  the  charging  platform,  and  the  wrought-iron 
bearer  plate  is  supported  on  brackets  projecting  from 
them,  also  the  platform  giving  access  to  the  tap-hole  and 
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tlie  tuyeres.  The  casinj;  of  the  hearth  and  boshes  is  con- 
stnieted  of  strong  rivetted  plates,  though  it  often  occurs 
that  the  boshes  are  constructed  witli  cooling  rings  and 
wrought-iron  hoops.  The  furnace-body  is  held  together 
by  strong  hoops.  The  expansion  of  the  furnace-body 
is  provided  for  by  means  of  stuHing  bo.xes  beneath  the 
charging  platform.  At  some  works  the  furnaces  are 
built  of  bricks  of  small  dimensions,  laid  with  cement. 
Carbon  bricks  are  also  much  used.  Mr.  Burgers,  of 
Schalke,  has  constructed  a  furnace  at  the  Vulcan  Works, 
the  body  and  bosh  of  which  consist  of  cast  iron,  lined 
with  lire-brick.  This  furnace  has  been  nearly  three  years 
in  operation,  and  the  working  has  lieen  perfect,  even 
though  he  has  blown  hot-working  iron  alloys,  such  as 
ferro-silicon.  A  model  of  this  furnace  is  shown  in  the 
Exhibition.  At  the  Hoerde  Works,  Mr.  Von  Vloten  has 
placed  at  the  tuyere  level  a  ring  formed  of  water-cooled 
bronze  wind  boxes,  which  rests  on  a  heavy  ring-casting. 
The  dimensions  of  the  newer  blast-furnaces  in  the  coal 
district  and  the  minette  region  vary  in  the  following 
degree  : — 


Height 

Diameter  of  throat 
Diameter  at  the  bosh  - 
Diameter  of  the  hearth 


Metres. 

22  to  25  (72  to  82  feet). 
4  to    5  (13  to  16.J  feet). 
6  to   7  (ig^  to  2 J  feet). 
3-5  to 4-5  (Hi  to  I.S  feet). 


DAILY    OUTPUT    OF    THE  GERMAN   BLAST-FURNACES. 

As  regards  the  daily  output  of  the  German  blast- 
lurnaces,  this  amounts  to  about  200  tons  per  furnace  per 
day.  In  the  minette  district  it  averages  somewhat  less 
and  in  the  coal  district  a  little  more.  Much  higher  pro- 
ductions are  achieved  in  individual  cases.  .4n  inquiry 
addressed  to  the  Deutscher  Kaiser  Company  elicited  the 
reply  that  in  1902  the  daily  output  of  one  furnace  had 
been  518  tons,  wliile  the  combined  output  of  four  other 
furnaces  was  1,661  tons,  or  415  tons  per  furnace.  The 
extraction  from  the  ore  mixed  with  Hax  charged  was 
42  per  cent. 

The  employment  of  labour  at  the  blast-furnaces  varies 
exceedingly,  so  that  comparative  data  are  scarcely  obtain- 
able. To  add  to  the  dilliculty,  the  particulars  submitted 
by  the  works  frequently  include  the  industries  connected 
with  iron-making,  such  as  coke-making,  brick  factories, 
etc.  Again,  those  works  which  manufacture  every  kind 
of  iron  natur.ally  have  to  stock  ores  of  all  kinds  on  a  large 
scale,  which  increases  the  cost  of  transport  of  raw- 
material.  Finally,  those  blast-works  which  treat  the  pig 
iron  in  the  liquid  state  can  economise  considerably  in 
Jabour. 

Still,  the  figures  for  some  of  the  works  may  be  of 
interest : — 


Jan.  1  lo  June  30,  iyo2.  1  Production. 


Xumber  of 
Workmen. 


Output  per  man 
per  year. 


I   Deutscher  Kaiser  Co.... 
j  Hoerde  Vercin   .. 


Tons. 
108,631 
255.720 


980 
685 


Tons. 
419 
373 


BLAST      FURNACE    WORKS     AT    HOERDE. 

Year. 

Production  of 

\'o.  of  Workmen 

Employed  at  the 

Blasl-Kurnaces. 

Tons. 

1S80-S1         

77.-'7f> 

602 

18S1-SJ         

82,204 

595 

1M82-.S-;        

19,048 

5»i 

18S.V84        

■   94,078 

(>59 

1884-8,        

99,442 

55« 

l88v86        

10().468 

549 

1886-87        

<)I,2S6 

574 

1887-88        

'.il/>.'53 

51.1 

1888-89        

121,898 

470 

1889-90        

'.i4.7!^5 

478 

1 890-9 1         

122,618 

478 

1891-92        

147.500 

497 

1892-9.1        

146.570 

491 

1893-94        

I7f<.7f'2 

5'7 

1894-1)5        

181,241 

5''5 

1 8(>5-96         

2i5.><35 

5>^3 

1896-97         

218.640 

5*^1 

l897-9«        

239.990 

694 

1898-99        

2S0,956 

^'45 

1899-1900 

274.099 

/  /  - 

1900-01         

279.444 

800 

1901-02         

255.720 

685 

The  maximum  output  at  any  one  furnace  at  Hoerde  was 

23S  tons. 


The  following  data  were  also  given  by  the  kindness  of 
the  Hoerde  Verein  : — 


PROGRESS    IN    STEELWORKS 

PRACTICE    IN    GERMANY 

SINCE    1880. 

Mr.    R.    M.   Daelen,  of    Diisseldorf,    read    a 

valuable   paper   on   the    progress  of    the   steel 

industry  in  Germany,  before  the  Iron  and  Steel 

Institute,  giving  in  as  brief  a  space  as  possible, 

an   account    of    the  recent  progress  and  more 

important     improvements     which    have    been 

effected   in    the   production  of  steel  on  a  large 

scale. 

Since  tlic  last  occasion  on  whicli  the  Iron  and  Steel 
Institute  visited  Germany  in  the  year  1880,  a  notable 
development  has  taken  place  in  the  producticm  of  steel  in 
this  country,  and  to-day  again,  as  formerly,  the  Industrial 
Exhibition  of  the  Rhine  Provinces  and  Westphalia  affords 
a  titling  opportunity  for  taking  note  of  the  progress 
which  has  been  achieve,!  in  recent  ve.irs. 

METHODS    IN   USE   FOR    THE  TREATMENT  OF  STEEL. 

After  a  brief  review  of  the  general  situation 
in  the  German  iron  industry  the  author  says  : — 

Keturning  now  to  the  methods  in  use  for  the  further 
treatment  of  steel,  it  will  be  found  that  the  older-estab- 
lished works  have  for  the  most  part  retained  the  well- 
known  system  of  casting  ingots,  consisting  of  a  hot-metal 
ladle  carried  either  on  a  slewing  or  travelling  crane,  and 
successively  placed  above  the  stationary  ingot-moulds. 
On  the  other  hand,  only  a  few  of  the  more  modern  works 
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have  adopted  the  reverse  method  of  drawing  the  ingot- 
moulds  along  hcMicalh  a  stationary  ladle,  combined  with 
which  process  is  also  the  forcing  nut  of  the  ingots  Irom 
their  moulds  by  mechanical  means. 

The  latter  method  does  not  permit  of  tilling  several 
moulds  at  once  by  bottom  pouring,  and  its  adoption  has 
extended  according  to  the  ability  to  roll  rough  ingots  at 
one  heat  into  finished  products  such  as  wire,  rods,  small 
sections  and  plates,  which  formerly  had  to  be  reheated 
after  one  rolling.  By  this  means  in  many  works  the 
blooming  rolls  are  dispensed  with,  an  arrangement,  how- 
ever, which  is  only  protitable  where  the  daily  production 
is  a  perfectly  regular  one,  such  as  is  usual  in  the  very 
large  basic  Bessemer  steel-works. 

It  is  the  special  aim  in  these  works  to  roll  down  the 
ingot  at  the  original  heat,  that  is,  by  the  use  of  the  Gjers 
non-tired  soaking-pits.  The  Gutehoffnungshiitte  first 
developed  this  system,  and  at  these  works  the  ingots- 
after  passing  through  the  blooming-mill,  are  rolled  without 
any  reheating  into  sections,  rails,  and  sleepers  in  a  three- 
high  mill.  The  results  were  so  successful  that  other 
works  have  now  followed  the  same  plan.  The  steel 
manufactured  by  the  basic  process  can  be  removed  troin 
the  moulds,  and  plunged  in  the  plain  soaking-pits  sooner 
than  that  blown  in  acid-litied  converters,  a  fact  which 
tells  in  favour  of  the  systetn.  It  is  also  necessary  to 
provide  a  means  of  transferring  the  ingot  from  the 
blooming  rolls  to  the  finishing  rolls  as  rapidly  as  possible. 
When  this  cannot  be  done,  as  in  the  case  of  such  works 
which  have  no  blooming-mill,  soaking-pits,  fired  on  the 
Siemens  regenerative  principle,  are  employed,  though 
the  disadvantage  then  arises  that  the  entire  charge  is 
heated  at  one  time,  and  that  the  subsequent  introduction 
of  cold  ingots  has  the  undesirable  effect  of  coolin.g  those 
still  refiiaining  in  the  pits.  To  obviate  this  diMiculty  many 
works  employ  in  connection  with  the  soaking-pits  the 
rolling  furnace  of  Helmholtz,  of  Kuhrort,  with  a  very  long 
hearth  and  fired  at  one  end,  in  which  the  ingots  are 
carried  forward  to  meet  the  flames.  Hut  this  apparatus 
necessitates  tof)  much  hand  labour,  besides  being  pro- 
ductive of  considerable  waste  of  metal,  and  on  this 
account,  since  the  prevailing  requirement  is  a  uniform 
method  which  ensures  the  heating  of  cold  ingots 
and  the  preservation  of  heat  in  the  hot  ingots,  the 
American  continuous  reheating  furnace  with  pushing 
gear  has  latterly  been  introduced  in  several  places,  the 
results  of  which  are  more  satisfactory. 

The  use  of  electric  motors  for  driving  rolling-mills  is 
at  present  very  limited,  and  will  probably  only  be  adopted 
in  cases  where  the  electricity  is  generated  more  cheaply 
than  is  possible  by  steam  power.  It  is,  however,  now 
very  largely  used  for  driving  the  auxiliary  machinery 
about  the  mills,  and  it  is  generally  regarded  as  certain 
that  in  modern  works  it  will  entirely  supersede  the  low- 
pressure  hydraulic  machinery  which  formerly  was  iti 
common  use.  Still,  it  must  be  admitted  that  the  same 
precision  of  movement  in  cranes  and  hoisting  gear  is 
certainly  not  attainable  by  electric  means,  and  for  this 
reason  many  practical  engineers  of  iron  works  still  have 
a  preference  for  low-pressure  hydraulic  power,  especially 
.I-  file  machinerj'  which  gives  it  effect  is  constintly  being 
improved. 
Iti  general,  it  tnay  be  obsLT\-cd  that  the  German  steel- 


works and  rolling-mills  are  compelled  to  bestow  strict 
attention  on  their  plant  and  their  practice  in  order  to 
meet  the  requirements  of  their  market— these  .are  of 
a  diverse  nature,  and  orders  for  one  quality  or  form  of 
product  are  by  no  means  of  the  same  magnitude  here  as 
is  often  the  case  in  the  same  industry  in  other  countries. 
In  arranging  the  buildings  and  machinery,  the  chief  aim 
to  keep  in  view  is  accordingly  not  only  a  large  daily 
output  and  the  saving  of  labour,  but  it  consists  rather  in 
devising  how  to  do  work  at  remunerative  rales  even  with 
apparatus  and  machines  of  medium  productive  capacity, 
and  with  frequent  changes  in  the  kind  of  material  sup- 
plied. If  on  this  account  the  German  works  are  less 
imposing  as  compared  with  modern  installations  abroad, 
we  can  console  ourselves  with  the  relieclion  that  circum- 
stances must  be  adapted  to  meet  conditions,  and  that 
limits  can  be  set  to  all  competition,  however  much  this 
may  be  feared. 

THE  POSSIBILITIES  OF  "WIRELESS" 

TELEGRAPHY. 
TX  the  Monthly  AV./i..'  loi  September  Mr. 
-*■  Charles  Bright,  C.E.,  F.R.S.E.,  deals  with 
the  above  subject.  His  article,  he  says,  has  a 
double  object  :  First,  to  show  that  "  wireless  " 
telegraphy  cannot  at  present  be  regarded  as  a 
serious  competitor  with  cable  telegraphy  on  a 
commercial  basis  ;  and,  secondly,  to  point  to  the 
varied  possibilities  of  astheric,  or  so-called 
"wireless"  telegrapiiy,  even  in  the  form  we 
now  know  it  : — 

The  somewhat  dramatic  policy  pursued  by  Mr.  Marconi 
hasone  advantage,  if  no  other.  It  .arouses  attention  to 
scientific  possibilities — even  if  of  the  future — in  a  direction 
that  the  ordinary  dividend-seeker  of  this  country  has  not. 
as  a  rule,  shown  himself  capable  of  appreciating  or  of 
interesting  himself  in.  On  the  other  hand,  there  is 
a  certain  irony  attached  to  Mr.  Marconi's  selec- 
tion ol  the  three  dots  representing  the  letter  S 
for  his  Atlantic  experiments  ;  for,  apart  from  simplicity, 
it  is  just  three  such  S's  that  spell  sureness,  speed,  and 
secrecy— the  three  f.actors,  which,  at  present,  prevent 
:etheric  telegraphy  seriously  jeopardising  submarine 
cable  enterprise.  By  way  of  substantiating  the  latter 
statement,  we  must  turn  from  the  pre-arranged  Atlantic  S 
signals  (not  messages),  about  which  we  have  no  details, 
to  .Mr.  Marconi's  best  attainments  in  .actual  and  accurate 
messages  between  ships  and  between  ship  and  shore,  at 
a  maximum  distance  of  about  250  miles,  under  more  or 
less  favourable  conditions.  This,  be  it  noted,  is  a  very 
different  sort  of  thing  to  surmounting  the  earth's  curvature 
across  the  Atlantic,  corresponding  to  a  mountain  over  100 
miles  high.  The  difference  should,  moreover.  In:  realised 
between  catching  a  few  more  or  less  pre-arranged  signals 
across  the  Atlantic,  and  that  of  an  Atlantic  cable  system 
working  continuously  at  a  duplex,  automatic  speed  of 
nearly  lOO  words  a  tninute,  iK)  per  cent,  of  which  are 
cipher  and  code  messages. 

The  Marconi  system,  which  has,  so  far,  done  most  of 
the  practical  work  in  wireless  telegraphy,  is  fundamentally 


Notable    British    Papers   of   the    Month. 


477 


based  on  the  coherer  receivin,;;  relay,  wiiicli  is  an  exces- 
sively sensitive  and  delicate  instrument.  Whilst  havinj; 
obvious  advantages,  an  apparatus  of  this  character  is,  of 
necessity,  extremely  liable  to  get  out  of  adjustment.  Kor 
this  reason  it  is  somewhat  unreliable  and  apt  to  give 
confused  and  false  signals.  The  Marconi  coherer  of  1896 
is,  moreover,  more  or  less  readily  affected  by  its  surround- 
ings and  general  conditions,  including  atmospheric  and 
other  natural  and  electric  disturbances.  Thus,  .Mr. 
Marconi's  .■Atlantic  experiences  have  been  sometimes 
attributed  to  this  cause  alone — atmospheric  "  strays,"  and 
the  question  has  naturally  been  raised  as  to  how  the 
.ipparatus  would  behave  in  the  presence  of  a  lightning 
storm.  To  these  objections  no  very  satisfactory  answer 
is  forthcoming  at  present  ;  and  until  further  particulars — 
indeed,  proofs — are  available,  it  is  not  unnatural  that  im- 
partial authorities  should  question  the  likelihood  of 
Marconi's  system  becoming  a  practical  commercial  tele- 
graph for  bridging  long  distances. 

Mr.  Bright  then  proceeds  to  de:il  with  the 
important  consideration  of  the  secrecy  nf  '•  wire- 
less "  messages  : — 

Perhaps  the  most  important  question  in  connection 
with  the  practical  advancement  of  w'ireless  telegraphy 
just  now  is  to  what  extent  syntonycan  be  usefully  applied 
lor  guarding  against  foreign  influences  in  tlie  form  of 
interruptions,  "eavesdropping,"  and  errors  due  to 
natural  causes  or  otherwise.  The  mutilation  of  messages 
by  an  intervening  party  was  forcibly  illustrated  during 
the  famous  Shatnivck  II.  and  Colnmbin  yacht  race  of  last 
year,  as  w^ell  as  on  other  occasions  ;  but  it  is  believed 
that  .Mr.  Marconi  has  effected  considerable  improvements 
in  tuning  the  period  of  oscillation  in  his  recent  receiver, 
and  his  Lizard  Station  is  said  now  to  be  more  or  less  un- 
affected by  the  large  electric  power-house  seven  miles 
off.  It  would  appear,  however,  that,  without  a  monopoly 
of  the  atmosphere  or  an  atisolutelv  perfect  screening 
no  "wireless"  apparatus  could  be  really  free  from 
surrounding  conditions  and  the  effect  of  other  instruments 
to  which  no  limit  can  be  placed.  Kor  this  reason  it  has 
been  doubted  (i)  whether  there  is  any  money  in  the 
invention  as  a  system  of  commercial  telegraphy  ;  .ind 
(J)  whether  it  is  likely  to  prove  useful  on  a  large  scale 
for  strategic  purposes.  There  seems  to  be  no  question 
about  the  possibility  of  "  tapping  "  a  message  at  will — at 
any  rate,  wMth  an  untuned  receiver.  On  the  other  hand, 
there  appears  to  be  no  absolutely  sure  means  as  yet  of 
preventing  a  third  party  lor  climatic  conditions)  elfecting 
such  interruption.  Whilst  it  is  perfectly  true  that  by  the 
use  of  a  code  the  secrecy  of  messages  is  to  a  great  extent 
assured,  it  may  reasonably  be  doubted  whether  .etheric 
telegraphy — as  yet,  at  any  rate — is  sufficiently  reliable 
and  accurate  for  code  or  cipher  work.  To  render  wire- 
less telegraphy  a  really  practical  business  and  an  eflicient 
means  of  "  All-British  "  communication  in  tiincs  of  war 
as  in  peace,  the  following  conditions  will  require  to  be 
attained  :  (I)  The  apparatus  must  be  capable  of  being 
"tuned"  to  a  certain  pitch — /'.c,  a  certain  number  of 
vibralion.s  in  a  given  time — in  such  a  way  that  the  mes- 
sage is  strictly  confined  to  that  particular  receiver  ;  \2) 
On  the  other  hand,  to  meet  naval  requirements,  the 
apparatus  on   board    a   warship   should   be   capable   of 


picking  up  the  tune  of  any  of  the  enemy's  ships  ;  (3)  Yet 
again,  means  will  have  to  be  found  for  overcoming  the 
possibility  of  a  message  being  rendered  a  mere  jumble 
by  the  intervention  of  a  third  party,  or  of  the  elements. 

Discussing  the  practical  uses  to  which  "  wire- 
less "  telegraphy  may  be  put  to  in  the  future,  he 
remarks  : — 

l'"rom  a  strategic  point  of  view,  as  well  as  from  a 
general  maritime  and  life-saving  standpoint.  Great  Britain 
and  Ireland  should  be  provided  with  a  complete  system 
of  telegraphic  communication  round  the  entire  coast, 
putting  every  coast  station  into  connection  with  various 
inland  centres  and  military  stations.  It  is  a  piece  of  woi'tv 
which  would  be  most  effectively  accomplished  by  wireless 
methods  in  preference  to  overhead  lines,  assuming  for  the 
moment  tliat  the  strategic  requirements  set  forth  in  this 
article  could  be  met.  For  maintenance  reasons,  too, 
cables  are  ineflicient  here,  owing  to  abrasion  against 
rocks,  strong  tides,  kinks,  etc.  Wireless  telegraphy  is 
admirably  suited  for  lightship  and  lighthouse  communi- 
cation with  the  shore,  to  assist  navigalion  in  avoiding 
collisions  due  to  darkness  and  fog,  and  also  for  the 
mercantile  marine  service,  for  vessels  in  distress,  etc.  ; 
indeed,  in  any  case  where  cables  cannot  be  use- 
fnlly  turned  to  account,  or  where  mere  signalling,  rather 
than  higli  speed  commercial  messages,  is  the  order  of 
the  day.  May  it  not  be  asked — in  the  public  interest,  as 
well  as  in  the  cause  of  science — who  is  to  blame  for  the 
fact  that  so  little  really  useful  and  practical  work  of  this 
description  has  been  accomplished  r  Surely  it  cannot  be 
the  Government  telegraph  monopoly  that  blocks  progress.' 
The  latter  c:uinot,  at  any  rate,  stand  in  the  way  of  wire- 
less communications  on  the  high  seas  ;  and  with  so 
persevering  a  worker  as  Mr.  Marconi  we  may,  indeed, 
look  forward  to  the  days  when  the  fact  of  setting  forth 
on  a  voyage  need  not  necessarily  imply  being  cut  off 
from  communication  with  the  rest  of  the  world  :  thus 
those  who  aspire  to  having  news  continually  served  up 
to  them,  even  when  at  sea,  may  yet  live  to  see  their 
ambitions  realised  in  a  really  practical  way. 

In  conclusion,  the  writer  points  out  that  the 
imperfections  of  the  system  are  likely  to  pre- 
vent it  from  becoming  a  serious  rival  to  tftc 
cable  companies  : — 

That  tlie  wireless  system  has  come  to  stay  is  fairly 
obvious  :  but  what  its  possibilities  may  reach  we  caimot 
at  present  foretell.  Its  inferiority,  however,  to  telegraphy 
by  cables  is,  at  present,  as  marked  as  would  be  the 
delivery  of  our  letters  on  the  pavement — to  be  picked  up 
by  anyone-  instead  of  in  the  letter-box.  Cable  share- 
holders may,  therefore,  take  comfort  in  feeling  that  the 
day  has  not  yet  come— neither  can  we  as  yet  foresee  that 
it  w-ill  come — when  copper  wires,  gutta-percha  coverings, 
and  iron  sheathings  will  be  relegated  to  the  museum  of 
antiquities.  On  the  other  hand,  it  seems  clear  that  wire- 
less telegraphy  will  have  an  awakening  effect  as  to  our 
telegraphic  needs,  just  as  the  electric  light,  by  raising  the 
standard  of  light  required  by  the  public,  has  enabled  us 
to  rejoice  in  the  incandescent  gas  mantle  in  cases  where 
the  still  better  illumination  obtained  from  electricity  is 
conspicuous  by  its  absence. 
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WINDING   FROM   GREAT   DEPTHS. 

"C^N'GINES  for  winding  from  great  depths  are 
■'— '  naturally  very  powerful,  their  cylinders 
being  always  near  upon  i  metre  (3  ft.  3!  in.) 
in  diameter,  with  a  stroke  of  double  that  figure  ; 
but  compound  engines  are  still  the  exception. 
The  steam  distribution  is  generally  effected  by 
lifting  valves,  with  expansion  variable  by  the 
governor,  but  with  possibility  of  the  engineman 
suppressing  the  expansion,  while  there  are 
often  two  brake  pulleys.  Rescue  or  emergency 
engines  are  the  rule  both  in  Belgium  and 
Germany.  Sometimes,  as  in  Belgium,  they  are 
constituted  by  a  simple  capstan  ;  but  in  others, 
as  in  Westphalia,  where  the  output  is  enormous, 
they  becotne  veritable  winding  engines,  gene- 
rally less  powerful,  but  sometimes,  again,  e.xactly 
like  the  main  engines.  Appliances  for  the 
prevention  of  overwinding,  almost  unknown  in 
Belgium,  are  common  in  Gerinan}-.  Some- 
times the  Haniel  and  Lueg  disengaging  hook, 
resembling  the  English  hook  invented  by 
Stephen  Humble,  is  completed  by  a  brake  that 
comes  into  action  if  the  cage  should  be  drawn 
up  to  the  pulleys;  and  in  other  cases  the 
appliances  shut  off  steam  and  put  on  a  brake 
when  the  cage  rises  above  the  pit  bank,  after 
the  manner  of  the  Keumaux  safety  apparatus. 

WINDING    DRUMS. 

Although  thedifticulties  connected  with  great 
depth  of  working  are,  as  yet,  scarcely  felt  in 
Westphalia,  at  some  mines  where  little  over 
500    metres    (273    fathoms)    is    reached,    the 


surface  works  have  been  laid  out  for  winding 
from  double  that  depth,  in  which  case  the 
engines  are  very  large  and  complicated. 
Thanks  to  the  lightness  of  the  Koepe  arrange- 
ment, that  system  is  relied  upon  for  winding 
from  depths  such  as  1,200  metres  (656 
fathoms)  and  upwards  ;  but  for  those  at  present 
attained  cylindrical  drums  with  balance  ropes, 
moving  freely  in  the  shaft,  or  spiraloid  com- 
pensating drums,  are  used,  while  timber  guides 
for  the  shafts  are  retained  in  Germany,  though 
steel  rail  guides  are  common  in  Belgium. 

SPEEDS    OF    WINDING. 

For  winding  coal  the  speed  rarely  exceeds 
20  metres  (65^  ft.)  per  second,  while  the  mean 
is  13  metres  (42  i  ft.)  ;  and  for  winding  men 
the  speed  varies  from  4  metres  (14  ft.)  to  6 
metres  (igi  ft.)  per  second.  Speed  indicators, 
and,  indeed,  speed  recorders,  are  fitted  to  the 
winding  engines  of  nearly  all  the  shafts  in 
Germany  visited  by  M.  Deverne,  chief  engineer 
of  the  Douchy  Colliery,  in  the  North  of  France, 
who  recorded  his  observations  for  the  benefit 
of  the  Sociclc  dc  V Industrie  Miiu'riile,  arriving  a  I 
the  following  conclusions  :  Cases  of  winding 
from  a  great  depth  occur  nearly  e\'erywhere 
with  the  various  me.ms  available  on  the  spot  ; 
but  it  is  evident  that,  as  the  depth  increases,  it 
a  large  output  is  to  be  maintained,  steel  wire 
must  supersede  Manila  fibre  for  the  ropes,  while 
in  many  cases  a  limit  will  be  imposed  rather 
by  the  deposit  itself  and  the  difficulties  of 
working  it  than  by  the  winding  gear  proper. 
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RECENT  PROGRESS  IN  GOLD  METALLURGY. 

FEW  scientilic  discoveries  have  had  such 
great  inlluence  on  the  mining  industry  as 
that  exerted  on  gold  mining  by  the  cyanide 
process,  which  has  permitted  of  turning  to 
account  a  great  many  deposits  that  were  pre- 
viously rejiarded  as  refractory  because  they 
resisted  amalgamation.  On  cyanisation  being 
applied  to  the  residues  of  amalgamation, 
however,  it  was  soon  seen  that,  if  the  sandy 
portion  of  these  residues  was  easily  treated 
owing  to  permeability  of  the  sand,  the  slimes 
offered  resistance  to  penetration  by  the  cyanide 
solutions,  as  also  to  air  circulation,  without 
which  these  solutions  cannot  dissolve  gold  ;  and 
this  led  to  the  residues  being  classed  as  tailings 
proper  and  as  slimes.  Moreover,  the  nature  of 
the  residues  becomes  modified  as  the  mines  are 
worked  deeper,  passing  from  the  o.xidised  zone 
of  the  outcrops  to  the  pyritous  region  under- 
ground ;  and  it  was  on  this  account  that  the 
pvritous  concentrates,  of  far  greater  richness 
than  the  tailings  which  yield  them,  were  sepa- 
rated by  various  concentration  appliances. 

The  conditions  and  present  practice  in  the 
Transvaal  and  in  Western  Australia,  with  par- 
ticulars as  to  yield  and  cost  of  extraction,  were 
detailed  to  the  Socielc  de  VIndiistrie  Minaalc  by 
M.  H.  Kuss,  Ingiinieur-en-chef  des  Mines,  who 
passed  in  review  successively  the  treatment  of 
slimes  by  tilter-presses,  the  treatment  of  sulpho- 
telluric  ores,  the  direct  treatment  of  raw  ore  by 
the  Diehl  process,  and  also  by  simple  cyanisation, 
as  well  as  by  roasting  and  porphyrisation, 
arriving  at  the  following  conclusions  : — 

TREATMENT    OF    SULPHO-TELLURIC    AURIFEROUS 
ORES. 

The  problem  of  treating  Kalgoorlie  sulpho- 
telluric  auriferous  ores  has  been  solved  quite 
satisfactorily  ;  and  a  choice  of  three  methods  is 
now  afforded,  as  under. 

1.  The  amalgamation,  porphyrisation  and 
cyanisation  of  the  raw  ore,  yielding  about  85  or 
86  per  cent,  for  an  expense  of  15s.  per  ton. 

2.  Porphyrisation  with  broino-cyanisation,  by 
the  Diehl  process,  yielding  yo  per  cent,  for  a 
cost  of  J5S.  per  ton. 

3.  Roasting,  followed  by  porphyrisation, 
amalgamation,  and  cyanisation,  also  yielding 
90  per  cent,  for  a  cost  varying  from  23s.  to  27s. 

Taking   into  account   preparatory  works,  the 


ore  costs  on  an  average  20s.  per  ton,  while 
general  expenses  vary  from  3s.  to  5s.  Works 
for  treating  80,000  tons  per  annum  cost  about 
_^i6o,ooo,  so  that  their  liquidation  in  four  years, 
which  is  reasonable,  gives  los.  per  ton  per 
annum,  bringing  up  the  total  expense  to  within 
/3  per  ton. 

The  cost  of  extracting  and  treating  a  ton  may 
come  clown  to  £2  los.,  if  roasting  and  the 
increased  yield  it  affords  be  dispensed  with, 
and  even  with  roasting  if  liquidation  be  not  taken 
into  account ;  or  to  £2  for  works  treating  the  raw 
ore  by  simple  cyanisation.  If  a  yield  of  ()0  per 
cent,  in  the  former  and  85  per  cent,  in  the  latter 
case  be  admitted,  it  is  easy  to  see  that  the  cor- 
responding limit  contents  of  the  ore  to  be  treated 
without  loss  will  be  14  and  12  dwts.  respectively 
per  ton.  Cyanisation  of  the  raw  ore  would 
appear  advantageous  for  ores  containing  from 
12  to  25.  or  even  30  dwts.  per  ton  ;  but  for 
those  of  a  higher  content  roasting  would  have 
the  advantage. 


PURIFICATION    AND    UTILISATION    OF 
BLAST-FURNACE    GAS. 

"KTOW  that  the  use  of  blast-furnace  gas  for 
-^^  motive  power  forms  the  subject  of  so 
many  fresh  investigations,  it  must  not  be  for- 
gotten that  the  practical  utilisation  of  this  gas 
is  due  in  a  great  measure  to  Frenchmen.  So 
early  as  1814,  Aubertot,  an  ironmaster  at 
Vierzon,  employed  the  gas  of  his  blast-furnaces 
for  heating  purposes.  Between  1835  and  1845 
this  gas  was  used  for  raising  steam  ;  but  the 
boilers  were  at  the  level  of  the  furnace  mouth, 
which  was  left  open,  the  gas  being  drawn 
under  the  grate  by  the  chimney  draught. 
About  1840,  and  until  1855,  from  25  to  40 
stoves  thus  tired  were  used  in  the  Ardennes 
for  torrefying  green  wood  to  serve  as  fuel. 
About  the  same  time  Ebelm^i  studied  the 
utilisation  of  gas  from  blast-furnaces,  coke-ovens, 
cupolas,  etc.,  and  also,  in  collaboration  with 
Sire,  made  experiments  in  puddling  with  the 
gas  of  charcoal- lired  furnaces.  .A  little  later 
M.  Laurens,  M.  Thomas  and  M.  Kobin  designed 
gas-burners  for  Bring  boilers,  hot-air  stoves  and 
arrangements  for  closing  blast-furnaces  ;  .and  in 
1857  an  Ardennes  ironmaster  interposed  a  fan 
between  the  furnace  mouth  on  the  one  hand 
and  tlic  boilers  and  stoves  on  the   other,  which 
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permitted  him  to  work  with  the  furnace  mouth 
open.  In  1869  M.  de  Langlade  employed  at 
five  or  six  ironworks  a  scrubber,  invented  by 
the  Swedish  engineer  Lundin,  for  purifying 
the  blast-furnace  gas  with  which  iron  was 
puddled  and  the  puddle-bars  reheated.  In  1888 
M.  Lespinats  put  up  at  the  Neuves-Maisans 
blast-furnaces,  gas-purifiers,  resembling  greatly 
those  of  Bethlehem,  U.S.,  and  which  have  given 
good  results.  Finally,  in  1893,  M.  C.  Cavallier, 
general  manager  of  the  Pont-a-Mousson  iron- 
works, put  up  a  dry  purifier,  made  of  large 
rectangular  cases,  filled  with  iron  "  straw,"  on 
which  the  greater  part  of  the  dust  was  de- 
posited, this  being  the  best  arrangement  when 
the  dry  method  is  employed. 

M.     LENCAUCHEZ'S    PAPER. 

It  is  with  these  considerations  that  M. 
Alexandre  Lencauchez  opened  a  paper  on  this 
subject  of  the  day  to  the  Socu'te  ile  I'Induslrie 
Mincmie,  afterwards  proceeding  to  trace 
successive  improvements  in  France  and  other 
countries,  dealing  with  fans,  scrubbers  and 
purifiers,  the  employment  of  blast-furnace  gas 
and  gas  engines,  while  summing  up  with  (in 
substance)  the  following  observations :  It 
may  be  said  that  the  purification  ot  blast-furnace 
gas  is  now  possible,  and  that  the  use  of  this  gas 
for  firing  boilers,  hot-air  stoves,  refinery  and 
heating  furnaces,  etc.,  has  become  thoroughly 
practical,  because  purification  permits  the  use 
of  regulators  which  maintain  the  combustion 
under  constant  draught  and  pressure,  so  that  the 
useful  effect  can  be  tripled. 

The  author  also  expresses  his  great  satisfac- 
tion at  having,  towards  the  close  of  his  career, 
found  a  practical  solution  of  this  interesting 
problem,  having  on  November  12th,  1900, 
written  to  the  manager  of  the  Micheville  Steel- 
works that  a  considerable  injection  of  water 
under  pressure  at  both  inlets  of  one  of  the  two 
fans  used  there  would  probably  aft'ord  excellent 
means  of  purification,  and  having  on  January 
loth,  1901,  patented  an  arrangement  of  multiple 
fan  combined  with  water  injection. 

BLAST-FURNACE  GAS   FOR    MOTORS. 

As  regards  the  motors  utilising  blast-furnace 
and  other  gases,  he  considers  that  there  still 
remains  much  to  be  clone,  chiefly  for  those  of 
500  to   2,000  h.p.    and   upwards,   for    instance. 


making  them  work  with  boiling  water  for  the 
sake  of  economy,  while  there  would  also  be  an 
advantage  in  substituting  2-period  for  4-period 
motors  as  regards  utilisation  of  the  cylinders. 
Two-period  engines  also  have  the  great  advan- 
tage of  suppressing  the  exhaust  valve ;  and 
they  permit  of  arranging  the  gas  and  secondary 
air  valves  in  chests  not  exposed  to  the  action  of 
the  flames,  thus  avoiding  deformation  of  the 
parts.  They  are  probably  the  precursors  of 
combustion  motors  which,  by  suppressing  the 
disadvantages  of  explosion,  will  give  gas 
engines  all  the  suppleness  and  elasticity  of  the 
best  steam  engines,  capable  of  working  at 
higher  temperatures,  and  consequently  losing 
far  less  power  through  the  cooling  currents  of 
the  jackets.  In  conclusion,  for  a  plant  utilising 
blast-furnace  gas  to  afford  absolute  industriaL 
security,  the  gas  must  be  taken  oft'  at  a  pressure 
slightly  below  that  of  the  atmosphere  ;  and  such 
pressure  must  be  ensured  automatically,  because 
otherwise  there  will  be  the  danger  of  violent 
explosions. 

ELECTROMETERS-THE  SCHATTNER   METER. 

A  TOST  electrometers — or  those,  at  any  rate, 
-^'-'-  that  have  come  into  practical  use — may 
be  classed  as  (i)  motor  meters,  (2)  clock  meters, 
or  (3)  electrolysis  meters,  which  were  described 
in  the  following  terms  by  Messieurs  Georges  and 
Paul  Deschamps  for  the  Hainaid  Engineers' 
Society : — 

MOTOR     METERS, 

of  whatever  type  they  be,  must  satisfy  certain 
conditions.  The  motor  must  work  with  very 
slight  fall  of  potential,  and  absorb  but  little 
power.  Strong  and  compact,  it  must  run  at  a 
speed  always  proportionate  to  the  current. 
Friction  must  be  either  insignificant  or  perfectly 
balanced.  An  arrangement  is  generally  adopted 
in  which  a  certain  amount  of  current  constantly 
passes  without  being  registered  ;  but  the  realisa- 
tion of  all  these  conditions  leads  to  such  com- 
plication as  to  render  it  practically  impossible 
to  make  such  a  meter  at  a  moderate  price. 

CLOCK     METERS. 

Formerly  clock  meters  had  to  be  wound  up  ; 
but  now  electric  clocks  are  employed.  Two 
perfectly  distinct  principles  are  applied  to  the 
construction  of  these  meters.  Either  the  current 
exerts  an  action    on  the  clock's   speed ;  or  the 
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clock  has  nothing  to  do  but  exactly  determine 
the  intervals  at  which  special  mechanism 
measures  and  registers  the  intensity-  of  the 
current.  Whatever  be  the  principle  adopted, 
however,  its  application  requires  complicated 
mechanism  that  can  work  exactly  for  a  long 
period,  while  these  meters  are  often  cumber- 
some :  and  therefore  they,  too,  cannot  be  made 
efticient  for  a  moderate  price. 

ELECTROLYSIS     METERS. 

For  securing  this  last-named  desideratum 
complicated  mechanism  must  be  given  up, 
which  is  possible  by  the  use  of  electrolysis.  The 
weight  of  matter  deposited  in  an  electrolytic 
jar  is  strictly  proportional  to  the  quantity  of 
current  that  has  traversed  it.  This  principle 
has  long  been  utilised  in  the  construction  of 
meters  for  continuous-current  installations  ;  but 
in  practice  serious  difficulties  are  encountered, 
it  being  specially  necessary  to  avoid  too  great  a 
loss  of  voltage. 

THE     SCHATTNER     ELECTROMETER 

also  depends  upon  electrolysis,  while  avoiding, 
however,  the  chief  defects  mentioned  above. 
Sulphate  of  copper  and  copper  electrodes  are 
employed  ;  and  the  indicator  is  a  scale  beam, 
which  registers  the  weight  of  metal  abstracted 
from  the  anode  suspended  from  its  end.  There 
is  only,  in  this  electrolytic  action,  transport  of 
copper  between  the  electrodes,  the  solution 
undergoing  no  modification  on  that  account,  so 
that  the  loss  of  voltage  is  reduced  to  a  mini- 
mum. The  surfaces  of  the  electrodes  are  very 
large,  and  the  density  of  the  current  slight,  so 
that  a  regular  deposit  is  obtained. 

ACCUMULATOR-CHARGING     METERS. 

In  many  electrical  installations  placed  under 
the  charge  of  inexperienced  persons  the 
accumulators  are  often  damaged  through 
delicient  charge  or  over-charge  ;  and  to  meet 
this  difficulty  a  special  type  of  meter  has  been 
made,  that  constantly  shows  whether  a  just 
measure  has  been  observed  in  charging  and 
discharging.  Such  a  meter,  which  must  evi- 
dently permit  of  a  greater  current  during  the 
charge  than  during  the  discharge,  consists  of  an 
apparatus  like  an  ordinary  meter  combined 
with  an  automatic  interrupter  that  shunts  a 
known  and  defined  fraction  of  the  current 
during  the  charge,  so  that  as  much  copper  is 


taken  off  the  anode  during  the  discharge  as  is 
deposited  upon  it  during  the  charge,  and  the 
balance  is  in  equilibrium  when  the  charge 
regime  is  normal.  Witli  this  apparatus,  there- 
fore, an  inexperienced  person  can  readily  ascer- 
tain if  he  is  charging,  and  to  what  extent,  a  set 
of  accumulators. 

ADVANTAGES    OF    THE    SCHATTNER 
ELECTROMETER. 

These  meters  are  inexpensive,  owing  to  their 
simple  construction  ;  and  their  maintenance 
is  cheap  and  easy,  owing  to  the  absence  of 
complicated  mechanism.  The  copper  plate, 
that  costs  4s.,  need  only  be  renewed  after  a 
consumption  of  600  to  1,000  k.w. -hours.  The 
loss  of  current  occasioned  by  this  meter  is 
very  slight— 07  per  cent,  of  the  voltage  when 
in  action,  but  nothing  at  all  when  out  of  action  ; 
and  it  registers  correctly  to  less  than  one-tenth 
of  an  ampere. 


CENTRAL  STEAM  CONDENSATION. 

THE  laying  down  of  central  condensation 
plant  is  a  matter  of  serious  difficulty,  espe- 
cially when  the  volume  of  exhaust  steam  is  very 
variable,  as  in  the  case  of  mines,  owing  to  the 
intermittent  working  of  the  winding  engines. 
It  is  not  therefore  surprising  that  the  problem 
long  remained  without  satisfactory  solution  ; 
but  in  Germany  the  tendency  is  increasing,  at 
works  where  there  are  a  great  many  steam  engines, 
to  lead  all  the  exhaust  steam  to  a  single  con- 
denser, while  a  cooling  apparatus  is  generally 
added,  which  permits  of  using  the  same  water 
over  and  over  again.  Thus  remarks  M.  Henri 
Dechamps  in  his  review  of  the  mining 
machinery  at  the  Diisseldorf  Exhibition  for  the 
Lii'ge  Engineers'  Association  ;  and  he  continues 
that,  according  to  the  conditions  of  each 
case,  the  system  of  injection  or  surface 
condensation  is  employed.  In  the  latter,  the 
steam  may  be  made  to  pass  through  several 
superposed  series  of  pipes  sprinkled  with 
water  falling  in  a  cascade  ;  or  the  pipes 
may  be  immersed  in  a  basin  traversed  by  a 
water-current.  -Vgain,  the  usual  surface-con- 
denser arrangement  may  be  adopted  —  a 
group  of  tubes  inside  a  cylindrical  casing 
between  two  tube-plates,  and  traversed  by  a 
stream  of  cooling  water,  the  steam  to  be  con- 
densed being  led  into  the  space  round  the  tubes. 
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THE    WEISS    SYSTEM, 

represented  by  G.  Brinckman  and  Co.,  of 
Witten-on-the-Ruhr,  is  characterised  by  its 
adoption  of  the  counter-current  principle.  The 
cooling  water  is  admitted  at  one  end  of  the 
plant,  and  the  steam  to  be  condensed  at  the 
other,  the  two  currents  passing  in  opposite 
directions,  and  their  relative  speed  being  equal 
to  the  sum  of  their  absolute  speeds.  Moreover, 
the  portions  already  cooled  of  the  steam  to  be 
condensed  encounter  the  coldest  water  ;  and  as 
the  latter  becomes  heated  it  comes  into  con- 
tact with  steam  of  higher  temperature.  The 
air  and  the  hot  water  are  drawn  off  by  two 
distinct  appliances,  the  former  in  the  smallest 
possible  volume,  i.e.,  with  a  minimum  expendi- 
ture of  power.  The  plant  comprises  a  vertical 
condenser,  at  the  top  of  a  pipe,  lo  metres 
(33  feet)  high,  the  lower  end  of  which  dips 
in  a  basin,  while  the  general  pipe  leading  the 
exhaust  steam  gives  into  the  bottom  of  the  con- 
denser. On  the  contrary,  the  water-injection 
pipe  terminates  near  the  cover  ;  and  the  cooling 
water  is  raised  by  a  pump,  not  to  the  condenser, 
but  to  a  tank  some  distance  from  it,  though  not 
too  far  for  the  water  to  accomplish  the  rest  of  its 
travel,  owing  to  suction  caused  by  the  vacuum. 
The  water  then  descends,  meeting  the  steam, 
being  divided  into  very  thin  sheets  by  baftle- 
plates ;  and  the  mixture  which  it  forms  with  the 
condensed  steam  'flows  into  the  tank  above 
which  the  condenser  is  placed,  owing  to  the 
difference  of  level,  that  corresponds  with  an 
atmosphere  of  pressure.  To  the  Weiss  con- 
denser is  annexed  a 

BLASBERG  COOLING  APPARATUS, 

which  consists  of  a  rectangular  timber  chimney, 
having  at  the  bottom  a  Horden  refrigerator, 
made  of  superposed  slats  covered  with  small 
pieces  of  basalt.  A  special  pump  raises  the 
hot  water  from  the  condenser,  which  water  is 
distributed  over  the  whole  surface  of  the 
refrigerator,  being  sub-divided  by  the  pieces  of 
stone  into  small  drops,  while  the  air  drawn  by 
the  chimney  draught  passes  across  interstices  in 
the  stone  beds. 

BALCKE     &    CO.'S    CONDENSATION    PLANTS 

are  always  on  the  counter-current  system, 
whether  a  surface  or  an  injection  condenser  be 
employed  ;  and  in  the  latter  case,  when  local 


circumstances  permit,  the  condenser  is  placed 
at  a  sufficient  height  above  the  discharge  channel 
to  render  a  hot-water  pump  unnecessary. 

In  the  former  case  the  exhaust  steam  passes 
from  the  collector  to  the  oil-separator,  generally 
cylindrical  with  vertical  axis,  containing  three 
parallel  vertical  plates,  punched  with  holes 
alternately  at  top  and  bottom  so  as  to  form 
battles  ;  and  the  oil  collecting  at  the  bottom  is 
withdrawn  by  a  special  pump.  The  steam  then 
continues  to  the  surface  condenser,  supplied 
with  cooling  water  by  a  circulating  pump  ;  and 
the  air  drawn  along  with  the  steam  is  taken  off 
by  a  dry-air  pump  through  a  pipe  starting  from 
the  highest  part  of  the  condenser,  and  provided 
with  a  small  purifier  for  freeing  it  from  any 
moisture,  the  bottom  of  this  purifier  being  put 
in  communication  with  the  hot-water  pump. 
All  the  pumps  are  worked  off  a  two-throw  crank- 
shaft from  a  steam  engine.  This  firm  claims  to 
have  invented  chimney  coolers,  the  chief  advan- 
tages of  which  are  that  their  efliciency  is  in- 
dependent of  atmospheric  movement,  and  that 
the  dew  or  vapours  are  given  off  from  them  at 
sucli  a  height  as  to  constitute  no  nuisance  to 
the  neighbourhood. 


GOLD    MINING    AND    GOLD-STEALING    IN 
SIBERIA. 

nPHE  Russian  review  Riisskoc  Baj«-atsliv  for 
■*■  September  (.August  30th),  contains  a  very 
interesting  article  by  M.  Paul  Bieletski  on  the 
methods  of  gold-mining  practised  in  Siberia. 
M.  Bieletski  argues  that  the  formalities  and  red- 
tape  which  at  present  make  prospecting  in 
Siberia  almost  impossible,  should  be  replaced 
by  a  simpler  system.  At  present  prospectors 
have  to  undergo  such  a  number  of  formalities, 
both  before  prospecting  and  after  discovering 
gold,  that  only  those  with  capital  to  risk,  and 
those  who  evade  the  law,  have  a  chance  of 
carrying  on  the  industry  at  a  profit.  Before 
setting  out  at  all,  the  prospector  has  to  obtain  a 
stamped  certificate  giving  him  authority  to 
prospect.  This  certificate  he  has  to  present  at 
the  local  Government  office,  with  his  passport 
and  a  police  certificate.  If  he  wishes  to  do 
this  quickly  he  must  appear  personally  at  the 
Mining  Department.  But  this  only  begins  the 
necessary  formalities.  When  his  party  is 
formed,  he  must  notify  the  district  police  ofiice  as 
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to  where  lie  proposes  to  prospect,  lodge  a  further 
copy  of  his  certificate,  and  give  full  particulars  as 
to  names,  passports,  etc.,  of  every  member  of  his 
partv.  Before  prospecting  for  gold  he  must 
mark  off  the  live  veists  of  river,  or  four  square 
vcrsts  of  land,  where  he  proposes  to  searcji. 
But  this  gives  him  only  a  right  to  search  for  gold, 
and  no  right  to  work  it.  If  he  discovers  any  gold 
whatsoever,  he  is  obliged  to  stop  working,  and 
even  return  the  gold  to  the  ground,  until  he 
gets  the  necessary  authority  to  work  it.  This 
requires  further  reference  to  the  nearest  police 
office,  sometimes  a  thousand  miles  away,  and 
long  delays,  payments,  and  more  detailed 
marking  off  of  claims.  This  marking  off  must 
be  done  bv  a  government  oflicial,  who  having 
travelled  a  thousand  miles,  must  be  lodged  at 
the  prospector's  expense.  Finally,  every  dwt. 
of  gold  must  be  registered  in  books.  It  is  only 
after  providing  for  all  these  formalities  that  the 
actual  working  of  the  deposits  can  be  commenced 
But  when  work  is  begun  it  mav  very  well 
happen  that  the  deposits  are  so  poor  as  not  to  be 
worth  working  ;  in  such  a  case  the  prospector 
loses  his  time  and  money,  and  before  attempt- 
ing to  work  another  claim  he  must  repeat  the 
formalities,  perhaps  only  to  meet  with  another 
disappointment. 

The  result  of  all  this  red-tape  is  that  a  very 
large  proportion  of  Siberian  gold  is  got  bv 
evasion  of  the  law.  The  prospectors  prefer  to 
employ  khisUhiiiki,  or  uncertificated  miners, 
mostly  belonging  to  the  criminal  class,  from 
whom  they  buy  gold  at  much  below  its  value.  The 
certilicated  miners  and  prospectors  complain 
much  of  the  depredations  of  these  kliislchiiiki, 
but  in  reality  they  profit  by  their  labour,  as 
it  is  much  cheaper  to  buy  illegally  worked 
gold  than  to  work  it  under  the  present  con- 
ditions. The  Government,  by  means  of  Cossacks 
and  police,  carries  on  a  continuous  war  with 
the  uncertificated  miners,  a  conflict  sometimes 
attaining  the  dignity  of  pitched  battles,  but 
without  result.  The  khisUhniki  form  the  ad- 
vance guard  of  most  regular  prospecting  parties, 
and  owing  to  the  lack  of  information  as  to  the 
geological  conformation  of  the  gold  districts, 
they  as  often  as  not  discover  gold-bearing  land 
in  shorter  time  than  the  regular  prospectors. 
"  The  discovery  of  gold,"  says  M.  Bieletski,  "  is, 
to  a  great  extent  a  matter  of  chance,  the  ignorant 
workman  often  being  as  successful  as  the  skilled 


geologist."  The  prospectors  therefore  often 
make  large  fortunes  by  buying  the  "  rights  "  to 
gold-bearing  land  discovered  by  vagabonds  and 
escaped  convicts.  In  conclusion,  M.  Bieletski 
argues  that  all  the  formalities  which  must  now 
be  undergone  before  actual  working  should  be 
done  away  with,  and  that  the  right  of  pros- 
pecting should  be  open  to  all. 


RUSSIAN  SHIPPING  AND  CANAL  PROJECTS. 

npHE  project  for  constructing  a  deep-water 
■*■  port  at  Kertsch  has  been  condemned  by 
the  Taganrog  Committee  of  Trade  and  Manu- 
factures, on  the  ground  that,  if  Kertsch  were 
selected  as  a  central  port  for  ocean-going  ships, 
there  would  be  a  general  decline  of  the  Azov 
ports,  resulting  in  serious  losses  for  the  rival  ports 
of  Taganrog,  Rostoff,  Mariupol,  and  Berdiansk. 

The  Odessa  A'ck's  urges  the  necessity  of 
joining  the  White,  Black,  and  Baltic  Seas  by 
means  of  canals,  maintaining  that,  under  no 
circumstances,  should  the  work  be  allowed  to 
pass  into  the  hands  of  a  foreign  company.  The 
AV;;',s-  lauds  the  project  as  one  "  incomparably 
more  useful  for  the  Empire  and  people  than 
the  new  railway  across  the  Asiatic  Continent." 

The  Odessa  Xcivs  gives  particulars  of  a 
newly-formed  Italian  company  which  has 
entered  into  negotiations  with  the  Russian 
Volunteer  Fleet  for  the  opening  of  regular 
communication  by  means  of  large  steamers 
between  the  Black  Sea  and  New  York,  the 
volunteer  steamers  to  cari-y  on  freight  and 
passenger  traffic  between  Odessa  and  Naples, 
and  to  carry  Italian  emigrants  from  Xajiles  to 
the  United  States.  It  is  proposed  at  first  to 
devote  two  volunteer  steamers  of  the  Petershiiix 
and  Orel  i;lass  to  this  trafiic.  This  project  has 
been  accepted  favourably  by  the  Volunteer 
Fleet,  as  the  administration  of  the  lleet  had 
already  been  considering  the  advisability  of 
extending  the  area  of  their  operations. 

LINE    FROM     MOSCOW    TO     BE    RELAID. 

The  Russian  Minister  of  Ways  ol  Communi- 
cation has  raised  the  question  of  increasing  the 
speed  of  the  express  trains  from  Moscow  to 
Western  Europe  to  a  rate  of  65  versts  an  hour. 
The  directorate  of  the  Moscow-Brest  Railway, 
after  considering  the  question,  replied  that  with 
the  present  permanent  way  the  present  speed 
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of  50  versts  an  hour  cannot  even  be  maintained, 
and  that  the  whole  line  must  be  relaid  with 
rails  of  the  officially  recognised  weight  of  28^  lbs. 
to  the  foot.  This  change  is  to  be  completed 
within  four  years,  at  a  cost  of  20,000,000  roubles. 
Meantime,  the  speed  of  the  express  trains  is  to 
be  reduced  to  44  versts  an  hour,  increasing  the 
journey  between  Moscow  and  Brest  by  if  hours. 

NEW     CIRCULAR     RAILWAY     AT    MOSCOW. 

In  Moscow  the  preparatory  works  for  the  new 
City  Circular  I^ailway,  the  plan  of  which  was 
approved  by  the  Emperor  in  March,  are 
being  pushed  forward.  The  surveys  are  com- 
pleted, and  M.  Rashevsky,  the  engineer  in 
charge,  proposes  to  begin  construction  this  year. 
The  estimates  for  the  railway  amount  to 
40,000,000  roubles,  and  it  is  expected  the  new 
line  will  be  opened  in  1905.  In  view  of  the 
fact  that  the  circular  railway  will  supply  only 
the  suburbs,  while  the  centre  of  the  city  will  be 
cut  off  as  before,  M.  Rashevsky  has  put  forward 
a  project  for  the  construction  of  a  municipal 
diametrical  line  on  the  model  of  Buda-Pesth 
city  railway.  The  cost  of  such  a  railway  in 
Moscow  is  estimated  at  25,000,000  roubles. 


RUSSIAN    RAILWAY    PROJECT    REVIVED. 

'"T'HE  St.  Petersburg  Couriei  announces  that 
-*■  the  old  Russian  project  of  building  a  rail- 
way from  Central  Asia  to  Siberia  is  on  the  point  of 
realisation.  A  private  company  of  Russian  and 
foreign  capitalists  under  the  leadership  of 
Mr.  S.  I.  Mamontof  has  been  formed  with  the 
approval  of  the  government.  The  line  will 
start  from  the  town  of  Turkestan,  intersect  the 
Siberian  Railway  near  Tomsk,  and  be  extended 
to  the  north  to  a  point  not  yet  determined. 
The  railway  is  to  supply  the  needs  of  the  rich 
grain-growing  districts  in  the  south  of  Tomsk 
Government,  Biisk,  Barnaul,  Altai,  and  the 
Semipalatinsk  Oblast.  Trade  between  Tomsk 
and  Northern  Siberia  is  to  be  carried  on  by 
steamers  on  the  Tom  and  Obi,  but  in  view  of 
the  defects  of  the  Gulf  of  Obi  it  is  proposed  to 
build  a  line  from  Obdorsk,  near  the  mouth  of 
the  river,  to  some  more  favourable  port  on  the 
Arctic  Ocean.  These  constructions  will  complete 
communication  between  Central  Asia  and  the 
.Atretic  Ocean.  The  estimated  cost  is  150,000,000 
roubles,  or  half  the  first  estimated  cost  of  the 
Great  Siberian  Railway. 


50nE   BOOKS  OF  THE   HONTH. 


-A   HISTORY    OF  WIRELESS   TELEGRAPHY." 

Including  some  bare-wire  proposals  for  sub- 
aqueous telegraphs.  By  J.  J.  Faliie, 
M.Inst. E.E.  William  Blackwood  and 
Sons.  348  pp.  6s. 
TN  this  interesting  work,  which  now  appears 
-*■  in  its  third  edition,  Mr.  J.  J.  Fahie  has 
afforded  the  electrical  student  much  valuable 
information.  The  experiments  of  those  in- 
ventors who  first  conceived  and  carried  into 
practice  the  idea  of  space  telegraphy  are 
described,  and  the  achievements  of  modern 
inventors  carefully  detailed.  Events  move 
rapidly  in  the  electrical  world,  and  thus  it  was 
found  that  the  first  edition  of  this  history,  in 
view  of  recent  researches,  required  to  be 
brought  more  into  line  with  modern  develop- 
ments. To  Mr.  Fahie's  work,  therefore,  was 
added  a  survey  of  the  advances  made  in 
■'  wireless  "  telegraphy  up  to  the  beginning  of 
190 1,  when  the  second  edition  appeared.  In 
the  frontispiece  are  grouped  the  portraits  of 
those  whom  the  author  aptly  terms  "the  Arch- 
builders  of  Wireless  Telegraphy." 

At  the  top  stands  Oersted  (Denmark),  who  first  showed 
the  connection  between  electricity  and  magnetism.  Then 
follow  in  order  of  time  Ampere  (France),  Faraday 
(Kngland),  and  Henry  (America),  w'ho  explained  and 
extended  the  principles  of  the  new  science  of  electro- 
magnetism.  Then  come  Clerk-Ma.xwcll  (England)  and 
Hertz  (Germany),  who  showed  the  relation  between 
electricity  and  light,  the  one  theoretically,  and  the  other 
by  actual  demonstration.  These  are  followed  by  Branly 
(France),  Lodge  (England),  and  Kighi  (Italy),  whose  dis- 
coveries have  made  possible  the  invention  of  Marconi. 
The  last  three  are  portraits  of  Preece  and  Willoughby 
Smith  (England),  and  Marconi  (Italy),  who  divide  between 
them  the  honour  of  establishing  the  first  practical  lines  of 
wireless  telegraphy — each  typical  of  a  dilferent  order. 

As  has  been  pointed  out  in  recent  articles  on 
this  subject,  there  exists  much  po{)ular  mis- 
conception as  to  who  was  the  "  real  inventor"' 
of  "  wireless  "  telegraphy,  and  this  Mr.  Fahie's 
book  has  done  and  will  do  much  to  remedy. 
Ample  recognition  isgiven  to  the  significance  and 
importance  of  the  labours  of  Sir  William  Preece 
and  Mr.  Willoughby  Smith,  and  the  interesting 
record  of  their  researches  forms  a  fitting 
preface  to  a  description  of  Signor  Marconi's 
world  famous  experiments.     In  the  appendices 


we  have  various  papers  and  reports  of  lectures 
by  Sir  Oliver  Lodge  (on  the  relation  between 
electricity  and  light,  before  and  after  Hertz), 
Professor  Henry  (on  high-pressure  electricity 
being  confined  to  the  surface  of  conducting 
bodies,  and.  modern  views  with  respect  to  the 
nature  of  electric  currents),  and  Professor 
Edouard  Branly  (on  variations  of  conductivity 
under  electrical  inlluence),  with  a  descrip- 
tion of  the  remarkable  researches  of  Pro- 
fessor Htighes,  F.R.S.,  in  electric  waves 
and  their  application  to  "  wireless  "  telegraphy, 
which  he  conducted  during  the  years  1879-1886. 
These  are  followed  by  a  reprint  of  Signor 
Marconi's  patent,  with  plans,  which  should 
prove  of  special  interest  to  readers  of  the  article 
on  Signor  Marconi's  inventions  appearing  in 
this  issue.  Various  diagrams  help  to  elucidate 
the  text,  and  an  exhaustive  index  renders  the 
volume  valuable  as  a  book  of  reference.  The 
work  is  dedicated  to  Sir  William  H.  Preece, 
K.C.B.,  F.R.S.,  "  as  a  slight  token  of  esteem  and 
friendship,  and  in  acknowledgment  of  many 
kindnesses  extending  over  many  years." 


"MODERN  IRON  FOUNDRY  PRACTICE  '-PART  I. 

By  George  R.  Bale,  A.M.Inst.C.E.       Technical 
Publishing  Co.,  Ltd.    387  pp.     5s.  net. 

THIS  useful  little  manual,  of  which  another 
volume  will  be  published,  is  designed  to 
meet  the  existing  need  for  a  comprehensive 
work  that  will  give  the  student  all  available 
information  concerning  the  foundry  and  its 
products.  Part  I.  deals  with  foundry  equip- 
ment, materials  used,  and  processes  followed, 
describing  the  furnace  itself,  the  cupola 
and  its  charge,  cranes,  hoists,  etc.,  and  the 
various  methods  of  moulding  and  casting. 
Machine  moulding  and  kindred  subjects, 
however,  have  been  left  to  be  dealt  with 
in  the  second  part,  which  will  also  include 
chapters  upon  physical  testing,  shrinkage  and 
distortion  of  castings,  the  various  methods  of 
cleaning  castings,  foundry  costs,  etc.  In  an 
introduction  to  the  work  the  author  points  out 
that  the  foundry  can  hardly  be  said  to  have  kept 
pace  with  the  rapid  advances  made  of  late  years 
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in  mosl  departments  of  tlic  iron  and  stcci 
induslr)-.  But  tlic  near  tiiturc  will  sec  the 
culmination  of  the  present  growing  tendency 
towards  specialisation,  when  every  shop  and 
ever}-  workman  will  be  confined  strictly  to  a 
particular  class  of  work,  and  there  will  be 
no  foundries  for  }^ei:eral  work.  "  Moulding 
machines  will  be  employed  in  greater  numbers 
and  variety,  adapted  to  the  work  ;  the  purchase 
of  jiig-iron  by  analysis  will  become  universal, 
and  foundries  will  be  better  equipped  with 
suitable  appliances  for  transporting  the  cupola 
charges  and  the  molten  metal,  a  system  of 
narrow-gauge  tracks  extending  tiiroughout  the 
entire  works." 

It  is  suggested  that  there  is  much  room  for 
improvement  in  regard  to  the  methods  of 
casting,  and  in  this  coiuiection  the  author  ad- 
vises the  use  of  the  camera  to  record  the 
successive  stages  during  the  progress  of  any 
unusually  difficult  piece  of  work,  so  that  in  the 
event  of  its  having  to  be  repeated  at  some  later 
date,  the  method  previously  employed  may  be 
inspected  and  followed,  or  possibly  improved 
upon.  The  various  processes  and  plants  are 
eflTicicntly  illustrated  by  over  200  views  and 
diagrams,  and  a  methodical  inde.x  atlds  to  the 
value  of  the  book. 


"THE   AUTOMOBILE:    ITS   CONSTRUCTION    AND 
MANAGEMENT.' 

Cassell  and  Co.,  Ltd.      608  pp.      ids.  6d.   net. 

nPHIS  handsome  work  is  taken  from  the 
-*■  French  of  M.  Gerard  Lavergne's  "  Maiuiel 
Theoretique  et  Pratique  de  rAutomobile,"  but  it 
is  something  more  than  a  mere  translation,  Mr. 
P.  X.  Hasluck,  the  editor,  in  an  endeavour  to 
give  the  public  a  thoroughly  up-to-date  treatise, 
having  re-written  the  original  book  througliout 
in  a  more  condensed  style,  and  introduced  a 
large  amount  of  entirely  new  matter,  descriptive 
of  mechanisms  that  have  made  their  appearance 
during  the  last  year  or  so.  In  an  e.xceedinglv 
interesting  and  practical  manner,  Mr.  Hasluck 
has  thus  succeeded  in  presenting  all  that  is 
known  concerning  motor  vehicles  of  every  kind. 
The  Ivjok  will  show  the  engineer  how  the 
mechanism  with  which  he  is  familiar  is  a|iplied 
in  motor  construction,  how  the  technical  ditli- 
cultics  arising  from  this  novel  application  may 
be  overcumc,  and   wliat    yet     remains    to    be 


done  in  this  rapidly-growing  industry.  After  a 
brief  historical  sketch  and  detailed  consideration 
of  the  various  motive  agents,  a  description  is 
given  of  the  methods  of  determining  the 
requisite  horse-power  and  its  transmission  to 
driving  wheels.  Axles  and  steering  gear, 
wheels  and  tyres,  springs,  under-framcs  and 
bodies,  brakes  and  lubrication  are  dealt  with  in 
separate  sections  ;  and  this  analysis  having  been 
made,  the  elements  are  grouped  according  to 
llie  chief  types  of  existing  cars.  Then  the 
notable  results,  oliicially  or  otherwise  confirmed, 
are  recorded,  and  finally  attention  is  directed  to 
the  lines  on  which  progress  in  the  direction  of 
increased  efliciency  is  to  be  sought.  In  this 
connection  we  learn  that  in  the  petrol  car 
improvements  will  be  secured  by  the  better 
employment  of  the  carburetted  mixture,  thus 
elitninating  to  a  large  extent  the  unpleasant 
smell  ;  by  the  obviafioa  of  the  necessity  for 
using  cooling  water,  and  by  rendering  start- 
ing easier.  Tlie  efficiency  of  transmission 
needs  to  be  increased,  and  should  be  made 
the  subject  of  comparative  experiments.  Not 
more  than  6  or  7  per  cent,  of  the  energy  of 
petrol  spirit  is  actually  burned  to  account  ;  but 
even  this  rate  of  elliciency  is  greater  than  that 
o{  the  steam  car,  which  is  (adopting  i"5  kilo- 
grammes as  the  consumption  per  effective 
liorse-power-hour)  only  about  5  per  cent. 
"  Certainly,"  we  re.id,  "  cars  now  regarded  as 
the  most  improved  will,  in  the  course  of  twenty 
years,  be  looked  upon  as  being  barbarous."  In 
conclusion  we  read  : — 

What  rtinaiiis  to  lie  accoinplislicd  in  Ihc  construclinn 
i<(  autiiiniibilc  stiuuld  not  prevent  a  recognition  of  the 
iniporlancc  of  what  already  lias  been  done  in  the  short 
period  nf  time  since  the  renaissance  of  motorisni.  The 
antoniiibile  is  a  practicil  road  vehicle,  whose  compulsory 
stoppages  on  the  road  lend  li>  become  exceptions  due  In 
disorder  in  the  ignition  sy>teni,  a  hitch  in  the  working  of 
the  pump,  punctured  tyre,  etc..  all  these  tK-ing  so  many 
cases  of  stoppage  which  c.in  easily  and  even  rapidly  be 
set  right.  The  inislrust  i>l  the  public,  caused  by  the 
imprudence  of  some  individuals,  soon  nmst  be  dispelled, 
and  then  automobilisni  will  be  safe  and  economic  and 
enter  completely  into  the  customs  of  the  day. 

The  book  should  prove  of  exceptional  value 
and  absorbing  interest  to  all  who  own  auto- 
mobiles r)r  who  are  engaged  in  the  motor 
industry.  The  many  examples  o(  motors  and 
their  component  parts  are  cfltciently  illustr.ited 
by  5of)  line  engravings,  and  the  printing  and 
general  get-up  leave  little  to  be  desired. 


r^yN  EW' CATALOGUE  S  «^1 

AND  TRADE 

PUBLICATIONS 

These  catalogfues  may  be  had  free  of  charge  on  application  to  the  firms  Issuing  them.  Please  mention 
PAGE'S  MAGAZINE  when  you  write.  Manufacturers  of  Engineering  and  Electrical  Specialities,  etc.,  etc., 
are  invited  to  forward    for  review  in  this  column  copies  of  their  catalogues,   price  lists,  and   circulars, 

as  soon  as  issued. 


The  Richards  London  Machine  Tool  Company, 
Laurence  Potintney  Hill,  London,  and  Paris. — Section 
A,  1Q02.  A  i-iixiklct  of  5(1  paiic-s  .uid  cover  with  an 
illustrated  index  and  price  list  of  their  general  cata- 
logue of  machine  tools.  The  first  portion  treats 
exclusively  of  the  new  upr  Patent  Open-side  Planing 
Machines,  which  they  claim  to  be  the  most  noteworthy 
development  in  modern  machine  tools.  The  machines 
are  made  to  plane  from  28  in.  to  30  ft.  long,  and  from 
ij  in.  to  48  in.  wide,  and  by  the  use  of  the  "  extension 
arms"  to  60  in.  wide.  Some  eight  or  ten  drawings 
illustrating  practical  examples  of  the  application  of  the 
machine  are  specially  interesting,  and  we  must  express 
our  appreciation  of  the  excellent  half-tone  blocks  with 
which  the  catalogue  is  profusely  illustrated.  At  the 
end  of  the  book  is  given  a  list  of  telegraphic  words, 
which  will  be  useful  to  foreign  buyers. 

The  British  Thomson-Houston  Company,  Ltd.,  Rugby. — 
Pamphlets  Xos.  130,  131,  132.  The  lirst  deals  with 
their  Type  CK  Continuous  Current  Stationary  Motors, 
which  are  built  for  slow  speeds,  in  sizes  ranging  from 
2  to  15  h.p.,  and  for  moderate  speeds  in  sizes  from  3  to 
20  h.p.  The  motor  is  symmetrical  in  form,  and  may  be 
quickly  arranged  to  run  in  an  upright,  inverted,  or  semi- 
inverted  position.  It  may  therefore  be  installed  on  the 
Hoor,  ceiling,  or  wall.  Pamphlet  131  deals  with  the 
Keavell  Patented  Duplex  Type  of  Motor-driven  Air 
Compressors,  which  are  fitted  with  relief  valve,  drain- 
cock,  and  otitlet  connection  screwed  i  in.  gas.  The 
motor  runs  at  about  1,200  revolutions  per  minute,  and 
drives  a  compressor  at  about  400  revolutions  ])er 
minute,  through  gear  wheels.  The  machine  is  designed 
for  delivery  pressures  up  to  30  lbs,  per  square  inch,  and 
only  occupies  a  space  of  about  30  in.  by  30  in.  by 
16  in.  Pamphlet  132  describes  the  GE  58  Traction 
Motor.  This  motor  is  so  designed  and  constructed  as 
to  be  suitable  lor  both  narrow  and  standard  gauges, 
with  a  minimum  width  of  3  ft.  3^  in.,  and  is  intended, 
for  compar.atively  heavy  service,  .\ccompanying  the 
pamphlets  is  a  leaflet,  with  prices  of  their  Direct 
Current  Type  CE  Shunt  Wound  Motors. 


Standard  Engineering  Company,  of  Leicester  and  Ket- 
tering, '.^n  illustrated  pamphlet  of  eight  pages,  de- 
scribing their  blowing  and  exhausting  fans,  including 
drawings  and  a  table  showing  the  various  dimensions 
in  inches.  Their  principal  specialities  appear  to  be 
right-hand  and  left-hand  blowing  and  exhausting  fans, 
both  bottom,  horizontal,  and  up  disciiarges.  The  table 
above  mentioned,  though  the  figures  are  onlv  approxi- 
mate, is  a  very  useful  adjunct. 

The  Combination  Metallic  Packing   Company,  Ltd.,  of 

Gateshead-on-Tyne.  .\  well-designed  catalogue  of 
twelve  pages  and  cover,  printed  in  four  coloiu's,  deal- 
ing with  the  principal  speciality  of  this  firm  -viz., 
metallic  packings.  We  are  told  that  the  packing  is 
designed  to  suit  either  horizontal  or  vertical  engines,  is 
suitable  for  all  speeds,  self-adjusting  as  to  wear,  and, 
"  once  fitted,  is  no  trouble  to  those  in  charge  of  the 
engine."  A  list  of  well-known  names  in  tlie  engineer- 
ing world  is  given  as  an  indication  of  the  popularity  of 
fliese  packings,  and,  we  understand,  80,000  sets,  or  an 
aggregate  of  3,000,000  h.p.,  h.ave  already  been  lifted. 
The  sectional  drawings  showing  the  different  modes  of 
ap|ilicatiiin  are  exceptionally  interesting. 

Toope's  Asbestos  Covering  Company,  Ltd.,  Stepney  Square, 
London,  E. — .V  catalogue  and  price  list,  of  twent\'-lour 
p.iges  .iiid  cover,  dealing  with  the  "  Toope  Patent  Pure 
Asbestos,"  the  "  Toope  Patent  Hair-felt  Coverings," 
their  ". Asbestos  Infusorial  Silicate  Pla.stic  Composi- 
tion,' and  a  silicate  papier-mache  mm-conducling 
composition,  for  covering  or  ct)ating  steam  boilers 
steam  pipes,  hot-air  or  blast  pipes,  cylinders,  super- 
heaters, and  vacuum  pans  ;  also  for  protecting  water- 
pipes,  tanks,  etc.,  from  frost.  For  the  asbestos  many 
advantages  are  claimed,  die  principal  of  which  is  that 
it  acts  as  a  perfect  non-conducting  medium  between 
the  steam  pipes  and  the  atmosphere,  and  prevents  the 
radiation  of  heat  and  condensation  of  steam  in  Its 
transit  from  boiler  to  cylinder.  Another  interesting 
speciality  is  their  non-conducting  removable  coverings, 
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which  are  made  in  sections,  3  ft.  long,  to  fit  on  pipes 
any  diameter,  from  i  in.  to  2  ft.,  and  from  f  in.  to  6  in. 
in  tliickness. 

The  Hughes-Johnson  Stamping,  Ltd.,  Langley,  Birming- 
ham.—This  is  a  neat  little  booklet,  entitled  "  Drop- 
forgings,"  describing  and  illustrating  their  various 
specialities  in  steel  manufactures,  viz.,  weldless  eye- 
bolts  of  many  designs,  bow  nuts,  weldless  wrought 
steel  swivels,  machine  spanners,  lathe  carriers,  shaft 
collars,  lathe  chuck  jaws,  level  and  handle  ends,  hooks  of 
various  kinds,  and  a  variety  of  automobile  forgings. 
Particular  attention  is  called  to  their  roller  boiler  tube 
expander,  which,  it  is  claimed,  can  be  used  where  it 
would  be  difiicult  or  impossible  to  use  the  ordinary 
tool  ;  and  an  additional  advantage  is  that  one  of  the  tube 
expanders  can  be  adapted  to  tubes  of  several  sizes. 

The  Library  Supply  Company,  181,  Queen  Victoria 
Street,  E.C. — \V'e  have  been  favoured  with  some 
advance  sheets  of  a  new  catalogue  which  this  firm  will 
shortly  issue,  and  if  the  collection  before  us  may  be 
taken  as  a  fair  criterion,  the  completed  catalogue  will 
reHect  much  credit  on  its  designers.  The  principal 
speciality  of  this  firm  is  the  manufacture  and 
supply  of  up-to-date  office  furniture,  special  attention 
being  given  to  the  fitting  and  furnishing  of  town  halls 
and  public  buildings,  libraries,  museums,  technical 
schools,  insurance  oftices,  banks  and  business  oflices 
generally.  Another  speciality  w-orthy  of  notice  is  the 
card-system,  and  a  particularly  interesting  illustration 
shows  a  double-desk  cabinet  for  cost  records.  This, 
in  addition  to  24  ordinary  drawers,  has  104  slide  trays, 
and  affords  capacity  for  190,000  cards.  The  card- 
sj'ste'm  is  very  highly  spoken  of  as  a  simple  labour- 
saving  device,  and  applied  to  the  indexing  of  corre- 
spondence, drawings,  special  tools,  etc.,  is  proving  itself 
an  indispensable  adjunct  to  the  office  equipment  of  the 
engineer. 

Andrew  Handyside  and  O3.,  Ltd.,  Britannia  Iron- 
works, Derby.— Catalogue  C. — This  is  an  illustrated 
book  of  designs  for  fountains  and  vases  cast  in  iron 
and  bronze,  and  costing  from  ;^i  to  ;fi,2oo.  The 
Britannia  Ironworks,  Derby,  is,  we  are  told,  one  of  the 
oldest  foundriesfor  this  purpose  in  England.  The  cover 
design  is  one  of  exceptional  merit.  A  striking  com- 
bination of  light  and  shade  is  heightened  by  the  novel 
colour  scheme.  The  artist  shows  a  model  fountain, 
the  amber  waters  of  which  are  sharply  outlined  against 
a  background  of  black  and  olive  green,  introducing  a 
terrace  and  parterres.  The  trees  beyond  are  silhouetted 
in  black,  and  the  artist  has  cleverly  rendered 
the  sparkle  of  the  water  from  the  fountain.  V\'hite  is 
employed  only  for  the  words  "  Fountains  and 
Vases — Handyside,"  which  are  thus  made  to  stand 
out  incisively  without  detracting  from  the  design. 
There  are  also  some  particularly  fine  inset  plates,  drawn 
to  scale,  illustrating  to  great  advantage  some  of  their 
magnificent  ornamental  cast  iron  and  bronze  work  in 
fountain  vases,  and  the  drawings  both  of  these  and 
fountain-head    and    basin    designs,    as   well    as    the 


ornamental  garden  vases,  of  which  there  are  some  tliirty 
examples,  are  particularly  interesting.  Altogether  a 
very  useful  catalogue,  and  one  from  which  much  useful 
information  as  to  the  cost  and  mode  of  fixing  fountains 
can  be  obtained. 

Babcock  and  Wilcox,  Limited.— A  second  edition  of 
their  interesting  wurk  on  "  Patent  Water-Tube  Marine 
Boilers  "  has  just  come  to  hand.  The  subject  matter 
embraces  articles  such  as  The  Water-Tube  Boiler  : 
Its  Status  ;  Requirements  of  the  Marine  Water-Tube 
Boiler;  Description  of  the  Babcock  and  Wilcox  Boiler; 
Comparison  with  Shell  Boilers  ;  Re-boilering  U.S. 
Monitors;  Notes  on  Corrosion:  Causes  and  Preventative 
Measures  ;  Points  of  Interest  in  connection  with  Vessels 
fitted  with  Babcock  and  Wilcox  boilers,  etc.,  and  includes 
a  large  quantity  of  most  valuable  data  obtained  from 
trials  of  Babcock  and  Wilcox  boilers  on  shore  and  at  sea. 
The  record  of  Babcock  and  Wilcox  boilers  in  American 
war  vessels  during  the  late  war  with  Spain  appears  to 
be  of  exceptional  merit,  and  forms  a  striking  com- 
mentary on  the  statement  so  frequently  made  in  the 
Press  that  water-tube  boilers  are  unreliable  and  exceed- 
ingly costly  in  repair.  A  perusal  of  the  article  on 
corrosion  and  the  accompanying  tables  should  be 
helpful  to  every  sea-going  engineer.  The  subject  is 
very  clearly  treated,  and  a  description  given  of  an 
apparatus  supplied  to  all  ships  in  which  Babcock  and 
Wilcox  boilers  are  installed  for  determining  chemically 
the  amount  of  chlorine,  if  any,  in  boiler  water.  The 
book  is  profusely  illustrated,  and  many  of  the  plates 
are  of  a  high  order.  It  is  well  printed  on  art  paper, 
and  is  bound  in  green  cloth.  The  pages  have  ample 
margins  and  are  clearly  arranged,  and  the  volume, 
apart  from  its  technical  value,  is  a  valuable  addition  to 
the  library. 

Howard  Bros.,  Liverpool. — An  illustrated  catalogue  and 
price  list  of  twenty  pages  and  cover,  describing  in 
"  pithy  "  style  the  use  of  the  "  Dey  "  Time  Register, 
which  we  understand  has  lately  been  considerably 
improved  by  various  additions  and  alterations.  This 
Time  Register  is  made  in  different  sizes  for  accommo- 
dating fifty  to  two  hundred  employees.  It  prints  the 
exact  minute  in  a  very  convenient  form  on  a  paper 
sheet  inside  the  machine,  which  cannot  be  tampered 
with.  Each  record  is  separate  and  complete  in  itself, 
and  no  matter  in  what  order  the  employees  come  in  or 
go  out,  their  numbers  are  bound  to  appear  in  consecu- 
tive order  on  the  time  slip,  with  all  the  registrations  for 
day  or  week  (as  the  case  may  be)  printed  in  bold  type, 
giving  the  exact  hour  and  minute  at  which  they 
register,  in  one  line  opposite  each  man's  number.  A 
concise  time  sheet  is  thus  furnished,  showing  acomplete 
record  at  a  glance.  Several  highly  commendatorj' 
letters  from  customers  of  many  years'  standing  are  re- 
produced. That  the  machine  is  very  simply  constructed 
is  demonstrated  by  a  half-tone  illustration  of  its  interior. 
It  is  consequently  blessed  with  almost  complete 
immunity  from  the  vexatious  and  oftentimes  costly 
irregularities  to  which  complex  mechanism,  in  all  forms, 
is  so  liable. 
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MACHINERY  for  ECONOMIC  HANDLING  of  MATERIALS 

r>E:sics-Air£:D    and    :buii-.t    :B'vr 

•  THE   BROWN   HOISTING   MACHINERY   COMPANY. 


LONDON   OFFICE: 

39,  VICTORIA  ST.,  5.W. 


MAIN   OFFICE  .V   WORKS: 

CLEVELAND,  OHIO,   U.S.A. 


NEW  YORK  OFFICE: 

26,  CORTLANDT  STREET. 


r^ 
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5-ton   ELECTRIC   TRAVELLING   CANTILEVER   CRANE. 

F'T  ^jlockin.ij;  and  Lu.idiiiL;  M.ilcri.il.     Sp.in  :  ;,-'5  a. 


.  .  .     OF     EVERY     SIZE     AND     DESCRIPTION     .  .  . 

HADFIELD'S  PATENt¥aNGANE8E  STEEL 

IS    THE    BEST    MATERIAL     FOR 

TRAMWAY  TRACK  WORK    _  \ 


TRAMWAY  POINTS  &  CROSSINGS 

TRAMWAY  WHEELS  &  AXLES 

TIE-BARS.  Etc..  Etc. 

HADFIELD'SsTe...oJ^co-o  SHEFFIELD, 


Engines 


Great    Ecoimoiviy    \a/ith 


Gallow^ay 


.    HIGH    . 
PRESSURE 


AND_ 


Galloivay 


.    HIGH     . 
. SPEED  . 


BOILERS 
ENGINES 


STEEL     BOILERS     i/\ll  Sizes  and  Pressures)      REA.DY     DELIVER^f. 
S  TE  AlVI    ENGINES    (High  speed  &  other  Types      QUICK     DELIVEFSY. 


GALLOWAYS    Ltd. 

MANCHESTER,   England. 


5» 


Engines 


John  Fowler  &  Co. 


(LEEDS) 


LIMITED. 


Electrical    and    General 
Engineers. 


Steam  Plough  Works  : 

LEEDS. 


Fowler's  Road  Locomotive.  Desiened  for  all  Kinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  vsas  thus  nameJ  by  the 
War  Office  Authorities,  who  are  employing  a  number  of 
them   in   the  South  African   Campaign. 
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Engfines 


The  Hunslet  Engine  Co., 


Estd. 
1864. 


SPECIALITY  :- 

LOCOMOTIVE    TANK    ENGINES. 


Leeds,   England. 


Contractors  to  His  Majesty's  Government,  The  Crown  Agents  for  the  Colonies.  Agent-General  for  the  Cape, 
Public  Worhs  Department  of  Ireland,  etc.,  etc.  Manufacturers  of  Tanh  Engines  of  all  descriptions, 
suitable  for  Contractors,  Collieries,  Iron  WorRs,  Quarries,  DocKs,  Sugar  Plantations,  Tramways  :  Light, 
Narrow  Gauge   and  Short    Branch    Railways,   or   Lightly   Constructed    Colonial  Lines. 

Telegrams:    '-ENGINE.    LEEDS."  Telephone  No.  :  528. 


Cyls.  lUin.  X  Ifiin. 


GsMge  3ft.  3gin 


Cyls   Win.  X  20in. 


Gauge  3ft.  6in. 


Alii..4J|t.U 


rm^^i 


■y^l^iutpni^..   I. 


Cyls  6in.  X  Sin. 


G.iuue  Ifl.  liin. 


(.MS     Sm      ■.    IJ 


4y 


Cyls.  l.=  Jin.  X  :;)in. 


I..u,-u4it.  SiiP. 


L\ls.  11 'III    X  1 
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^i^iWto^ 
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)f         Engines,  &c. 


TANGYES   LIMITED, 

Cornwall  Works,  BIRMINGHAM. 

MAKERS     OF     -is. 

STEAM    PUMPS 


FOR    ALL    DUTIES. 


t9»  » ^_ 


THE 


Phosphor  Bronze    Co., 

5ontl.t\\\n-|;,    XoiiDon,  S.iE. 


LTD 


PHOSPHOR  BRONZE, 

SILICIUM   BRONZE, 

WHITE   ANT"    METAL, 

PLASTIC   METAL, 

BABBITS   METAL, 

ETC. 


"White    Ant"     Metal 

Superior  to    Miignolia    Metal.) 

IS    THE    CHEAPEST    AND    MOST    RELIABLE    OF    WHITE    ANTI-FRICTION    ALLOYS. 

PLASTIC      METAL.       "Cog  Wheel    Brand."! 

BABBITS      METAL.       "Vulcan"   Brand.i     Seven    Grades. 
•'  PHOSPHOR"      WHITE      LINING      METAL.        (Equal    to  white   Brass  No.   2.) 

"WHITE      ANT"      BRONZE.        Supericr   to   Fenton's    Meta!.) 


see   .vfc\r    kovth's   advt.    for   t>HospnuR   urosze    i/./.ovs. 
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fm^XJfmMWt]!    Railway  Equipment 


W.  R.  RENSHAW  &  CO., 

MANUFACTURERS    OF  LIMITED, 

Railway  Wagons.  Railway  Carriages,  Railway  IronworR. 


Railw^ay 
Wheels  6 
Axles 

of  every  Kind. 

M 

SPECIAL 

ATTENTION 

GIVEN     TO 
ROLLING 
STOCK     FOR 
SHIPMENT. 


Telegrams : 
Renshaws,  Stoke  on  Trent 
Opiflcer.  London. 

Telephones  : 
58  Potteries. 
16  Avenue.  London 


We  have  special 
modern  plant  for 
the  quich  produc- 
tion of  .  .  . 

All=Steel 
High 
Capacity 
Wagons. 


Phoenix  Works,   STOKE  ON  TRENT. 

London  Office:  46,  King  William  Street.  E.G. 


THE  CLEVELAND  BRIDGE  &  ENGINEERING  CO.,  m 

Darlington,    England. 
Bridge    Builders   and   Contractors. 


\-.lh    <■]     iR'l.ni  ;     i<. 


SPECIALISTS    IN    DEEP    WATER    FOUNDATIONS. 

Contractors    for    the     New     HIGH      LEVEL     nririuc    over    tho     Tync    at     Newcastle  about  halT    a    mile  lone. 

carrying     iour     r.tilro^idH    tor   the     N.E.R.    CO- 
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Cranes 


JOSEPH  BOOTH  &  BESi 


40-ton  Steam  Goliath  Crane  at  the  new  L.  &  N.  W.  Railway  Goods  Yard,  Sheffield. 
And  also  supplied  to  Mid  land.  Lancashire  <&  YorHshire,  and  Great  Western  Rys.,  cSc. 


LTD., 


RODLEY, 


For 

Lifting 

Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Power. 

London  Agents  : 

A.   E.   VV.  QWV.N,   Ltd., 
75a,  Queen   Victoria   St.,    E.C. 

Agents   for  Scotland  . 

IHO.MAS  HILI.  &  CO., 

<>()    and     ()8,      Robertson    St., 

(ilasgow. 


Telegrams 


CKA.\ES,   UODLEY." 
■ASLWOaR,  LONDON." 
•SPECIFY,   ULASaOW. 


As  supplied  to  Crown  Agents  for  the  Colonies  and  GoTcrnment  Departments 
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Rolling  Stock,  &c. 


These  Furnaces  are  Made  from  Special  Quality  of  Open  =  Hearth  Acid  Steel 
Produced  at  Our  WorKs,  from  the  Best  Selected   Brands  of 
Swedish  and  Cumberland  Hematites. 


''«»r„X^  SUSPENSION  .-«s 

'   """^E  STAB,  AND  ALL  THE  LEADING  STtAWSH* 


/®oiv 


F^?S^*°'^°- 


>.vv 


scAr. 


Ed. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


.---TOR 


OF 


Flaniicd  Complete   by  Hjdraulic   Machinery. 


MAO|^^^v^^^- 


UNIFORM 

THICKNESS. 


Latest 


^.eeOS  FOROE^COMPANV,  t 

^^  ^  *  *^  The  United  States  Sur\-ey  allow  a  constant  of  15,000  for  ^*^*» 

M'.ri^on  Suspen'-ion  Fuin.ices  and  only  14,000  for  all  otlier  Conni^ated  Type:  of  Fumucc 


THE    THORNYCROFT    STEAM    WAGON 


MaKers    of    all    hinds     of    Steam     Vehicles    for 

Commercial    Purposes,    Lorries,    Vans,     Drays, 

Municipal  Tipping  Dust  Vans  d  Water  Wagons. 

Loads  from  1  ton  to  7  tons. 


ALL    HIGHEST   .WVAKDS    SINCE    1898. 

TWO  MORE  GOLD  MEDALS   AT    LIVERPOOL 

TRIALS,   1901. 

AWARDED  FIRST  PRIZE  (£500)  IN  WAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD,    CHISWICK,    W. 

Worhs  : 

BASINGSTOKE,  HANTS. 


STEEL  CONSTRUCTION 

IN     ALL    BRANCHES. 

ftuilding.s   Designed  and    Erected  in  all  Part.s  of  the  Vorld 

POOF    FRAMES.   TRUSSES   AND  GmDER.,^    ^^^^^    WORKS,  CUPOLAS.   LAHLES,    CONVERTERS. 

"^  BOILERS,   TANKS   AND   HEAVY    PLATE   WORK. 

GAS    HOLDERS,    PURIFIERS,   ETC.  „,„„.^c   r.>;iiur-« 

OPEN    HEARTH    FURNACE  CASINGS, 

CHIMNEYS,    RIVETED   PIPE,   CORRUGATED    IRON. 

RITER=CONLEY    MFG.    CO.,     pittsburg.    pa.,     u.s.a.     . 

New     York     Office  :      39-41.     Cortlanot     Street. 


Miscellaneous 


THE 


Wheeler  Condenser 


AND 


Engineering  Co., 


179,  Queen  Victoria  Street, 
LONDON. 


The  most  compact,  durable,  and  efficient  Cooling 

Tower  Manufactured.  i"t.'s*w»s. 

Maximum     reduction     with     minimum     loss     by 
evaporation. 


00,000  h.p.  operating;  in  Great  Britain. 
25,000  h.p.  in  process  of  construction. 
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-n fT ^/Cl tv TTMi  r 

(^MWm  Cables 


Telegrams  :  "  FILATURE." 
Telephone  :  202,  228. 


The  St.  Helens  Cable  Co., 

WARRINGTON.  limited. 


SOLE     MANUFACTURERS    OF 


DIALITE  BITUMEN 
WATERPROOF  CABLE, 


As   Supplied   to   the    Corporations   of 

Oban,  Sheffield,      West    Hartlepool, 

Barnstaple,     Wrexham,     Blackburn, 
Edinburgh,      Brighton,        Bury, 
Liverpool    Overhead    Railway,    dc,   6c. 


No  Central  Station  should  be  without  Dialite  IVlats,  or  Dia's  Patent  Safety 
Clove,  for   Electricians,  tested  with  5,000  v.  before   leaving    the    works. 

The  Manager  of  the  Liverpool  Overhead   Railway  writes  :  — 

•* .      .      ,      (he  most  effective  for  practical  purposes  on  the  marhet." 
See  Report  by  Air.  C.  H.   WORDISOHAM. 

London     Office  :     32,     VICTORIA     STREET, 

;:;:::::  ;.;ro":"r  Westminster. 
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Cables,  &c. 


8UDDEUT8CHE  KABELWERKE  A.-G.,  Mannheim, 


SYSTEM    BERTHOUD    BOREL. 


GERMAJNY. 


Contractors  to  the  Imperial  Gcrmai  Postal  fluihoritics. 


Silk-Covcred 

Copper   Wires. 

TELEPHONE    CABLES 

W'uli  P.iiKi  ami  Air  IiHiilation. 

LEAD-COVERED  CABLES 

For  nil  Tensions  up  to  40.000  volts. 


The  a  0 


Scotch  &   Irish  Oxygen  Co.,  Ltd.,   -,^,^1, 

ROSEHILL  WORKS,   GLASGOW. 

Valves   for  Cas  Bottles  and   Aerated  Water   Drums    t)( 
in  Bronze,   Steel,  and  Aluminium. 

Reducing  Valves,  Keys,   and   all   Fittings  for  Compressed  Gases. 


J.   HALDEN   6  Co., 


8,  ALBERT   SQUARE. 

MANCHESTER, 


Copies  Two  Tracings  at  One  Operation. 


Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 

^-^H.\\V     \M.    [1  \LDl-\     I'AI  I-  \i>. 

Architects  Electric  Frame,  Arc  Lamp  and 
Lowering  (iear,  complete  to  print  from 
Two  Tracings  ^0x27.  £25     o     o 

Engineers  Electric  Frame,  very  superior. 
Arc  Lamp  and  Lowering  Gear,  complete 
to  print  from  Two  Tracings,  5.5  x  31  42   10     o 

Now  on   view.  Stand  39,  Industrial   Section.   Wolverhampton    Exhibition. 
ADVANTAGES   OF   DUPLEX    RADIAL   PHOTO-COPYING    FRAME. 

A.  -L.'pyiiiii  iinltior-  ;il  .my  tiiiK-  wluti-  K1l..1i  ic  Cm  unl  is  available. 
H  — Thchiamt-  when  oikl-  nioiiiiU-d  on  tlic  Pedestal  leinains  there. 
C— Imnninily  Irom  accitknt  ensured   by  the   Fiamc  ix-maining  on 

Ihe  I'cdeslal. 
D.     The  hiM-izontal  position  (when  plaeing  in  or  taking  out  Traeinj;s 

and  Copies)  is  the  most  c<invenient  for  Operators. 
!•:.-  -Two  iull-si/,c  1  racniijs  can  be  copied  .it  one  operation. 
!•■.— The   jjlass   plates    can    be    very  easily    cleaned    when     Frame   is 

horizontal.  

Also      at     London,      Newcastle-on=Tyne,      BirminRham,     and      Glasgow. 
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BABCOCK  &  WILCOX,  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


Engineers  and 
Manufacturers  of 


OVER   3,000,000   H.P.    IN    USE    IN  ALL   INDUSTRIES. 

ilu-  only  W.itcr.  I  iihc-  Uoikr  «liicli  h.hticJ  tliu  GRAND    PRIX 
{Hii^tust  Award)  :it  the   Paris  Intfrnaticmal    Exhihitmn,    l!M)ll. 


Complete   Installations  of  Steam 

Piping  and  Boiler  House  Plants. 

ALSO 

WATER-TUBE  MARINE  BOILERS. 

ESTIMATES    AXD    PIAXs    O.V  APPLICATIOS'. 


fJead  Office 

LONDON:  Oriel  House,  Farringdon  St., 
E.C.  ;   and   Branches. 

A  valuable  treatise  on  "Steam  "'  and  "  Ac-  TT^  g^  y-^  ^~\.  ^"W^  T         A     ^.  T  "l"^ 

essories;  catalogue  fr.e.o„  application,      WORKS:        RENFREW,         SCOT.     LAND. 


Babcock  cS:  WiLox  li«jiler,  litttd  willi  Superheats. 

eati^e  on  "Steam' 
»talof*ue  free  on  a 
to  Engineers  and  Steam  Users. 


n; 


Wliy  have  Scale 

j^      in  your  Boilers  ? 


p=^ 


You  can  avoid  this  by  using  the 

BRUUN-LOWENER 
WATER  SOFTENER. 


Write  for  Full  Particulars. 


L 


OVER  1  000  PLANTS   IN  SUCCESSFUL  OPERATION 

Lassen  &  Hjort, 

WorRing    Model   of  Apparatus.  Engineers, 

52,  Queen  Victoria  St.,  LONDON,  E.C. 


Superheaters 


m 


If  you  use  McPHAIL  <S  SIMPSONS' 


patent    Dry    Steam    Generator 

.    .    and    Superheater 

A  saving  of  not  less  than  15    percent,  of  your  expenditure  in  Fuel  is  guaranteed. 

Some   additional   Advantages  :  — 

Improved  evaporative  efficiency  of  the   boiler. 
Perfectly  dry  steam. 

The  generation   of    superheated    steam   at   a  controllable  temperature. 
Improved   circulation   of  the  water  in  the  boiler. 

Reduction   of   wear  and   tear  in   the   boiler  owing    to  the  avoidance  of  unequal 
expansion    and   contraction   strains. 

APPLICABLE    TO     ALL    STEAM     BOILERS. 


I 


I 

i 


« 


i 


i 


m 


McPHAIL  W  SIMPSONS 


»    DRY    STEAM 
PATENTS   CO., 


WAKEFIELD,     ENGLAND 


Ltd. 


,(§MBISIEf 


Gas  Producers 


THE    "WEARDALE"    PATENT 

GAS  FURNACE 

For    Heating    Plates,    Slabs,    Angles,    Piles,    cSc. 


ADVANTAGES. 

I.     Ihc   only  CI^^s    Furnace  with  which   the   waste  Heat  can   be 
used    for    raising   v^Steam    in    Boilers. 

2.— Cold    riateriai    can     be     charged    into   the    l"urnace   at    the 
same  time  as  heat    is   being  drawn. 

3.— No  Chequer  Work  to  Build,  get  out  of  order  and  maintain. 

4.-  No  Excavations  required,  therefore  no  risk  of  water  trouble. 

5.— Low   First   Cost. 

^•— Econom\    in    (Repairs  and    Fuel   Consumption. 

IF    YOU    ARE    INTERESTED 

5^£^D    PARTICULARS   01     YOUR    RKQUIREMENTS,   WHEN   WE 
WILL   SUPPLY    YOU    WITH    DESIGNS  ANO    ESTIMATES. 


1{W.  F.  I 


W.    F.    MASON,    Ltd., MANCHESTER.   England. 


Destructors 


Tliy>? 


By  the  opposition  and  prejudice  of  a  short-sighted 
municipal  policy  in  the  matter  of  refuse  disposal— a 
policy  which  involves  burKing  the  question,  doing  the 
worR  in  the  most  unsatisfactory  manner,  and  losing 
opportunities  of  saving  the  rates  ? 

A  visit  to  Darwen  or  to  one  of  the  destructor  plants 
erected  by  us  in  your  more  immediate  neighbourhood 
should  do  much  to  dispel  fallacious  notions. 

The  Meldrum  Destructor  goes  to  the  root  of  the 
matter,  effectually  disposing  of  the  refuse  once  and  for 
all.  Not  merely  eliminating  the  undesirable,  it  con= 
serves  the  valuable  residue,  and  proves  at  once  an 
indefatigable  scavenger  and  money=maKer.  WideawaKe 
corporations  are  using  the  surplus  heat  for  steam 
power  in  their  electric  light  and  tram  departments. 

For  full  particulars  of  the  "Simplex"  and  "Beaman 
and  Deas"  Destructors  write  to 

MELDRUM  Bros.,  Ltd., 

Atlantic  Works,  City  Road, 

MANCHESTER. 

66,  Victoria  Street.  Westminster.  England. 

LONDON. 
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Furnaces,  &c. 


MASCHINEN= 
^      FABRIK 


PEKRUN 


COSWIG    (Sa.)     Near    DRESDEN. 


SUPPLIES 


Hardening 

Annealinji:  and 
Case  =  Hardening^ 

Furnaces. 


For    COAL    FIRING 

without  BLA5T,  with  one  or 
more  F-ire-proof  muffli-s  i\i, 
completely  .■;luit  off  against 
gases  and  cold  air.  Complete 
uniform  heating  of  the  steel 
to  be  hardened.  Easily 
handled.  Low  cost  of  main  = 
tenance. 

TWELVE    DIFFERENT    SIZES. 


Exhibited  at  the  Paris  Exhibition,  1'900. 
Palais  d'EIectricitc. 


.■Vgetifs  for  Great  Britain  : 

JULIUS  a.  NEVILLE  &  CO., 

14.    Water  St..  LIVERPOOL. 


Telegraphic  Address: 

"PACKLESS" 
,  o  r      MANCHESTER. 
ABC  CODE   USED. 


Karmal' 


SEND  FOR  CIRCULARS  ETE5TIM0NIALS. 


PACKING 


It*  n«s  THE    ; 


sm  /sourx 

Pii^°i  pWft-jfpROPRI  ETORSA) 

PACKINOS     I       '^      "^l 

\HAIR£ 


^ 


ROKO 

EDGE  BELTING 

(NDtiTflucTieLt  WOVEN  EDGE    GfiEAT  GRIPPING  fUVfM 
N*MurACIU»»t5  f«OMIMt  PUT  CA^fUHATRYARH   GBIAT  OUR 

ABILITi    0*RliE(i«[U3[*SO»ifD  ITOCKS  AL*AtS  ON  HAND 


rictionlessEnginePackin# 


National  Telephone. 
14  9  6. 


HENDHAM  Vale  Work, 
"       Harpurhey. 


FJiWiiMiaa 


16  HIGHEST  AWARDS 


leTBifiMiNiirtA 

•  7    PARI  J 
tA  [LinHuft6< 


'""  |£i  J?? 


SAl.IA;ftt 


Furnaces,  &c. 


Telegrams  :  "FLUES.    LEEDS.  '     Telephone  -Nationalj  li,74.     A  1  A  A  B  C  Codes  used 


Dcighton  s  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT    FURNACE. 

The  Destructive  Tests  have  proved  the  DEIGHTON  FURNACE 
to  be  the  strongest  to  resist  collapse  ever  made. 

It  is;ilS'i  iiiiequ.illed  tor  I'liihuiiul)  "i  '1  hitkiiL-ss  .iiul  L.isy  Scuiiiig. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


AwjrJeJ  2  Bronze  Mcddls, 
Pjris  Exhibilion.   1900- 


XIKNT  u  1 1  lll'i:  \u  Al;l-K  Fri:N\rK 


Vulcan   Works, 
Pepper    Road,  LEEDS. 


<( 


Auto"   Roller  Bearings 

FOR   mOTOR  =  CARS,    LORRIES,    TROLLEYS, 
TRAMCARS,   CRANES.    AND   OTHER   MACHINERY. 

SAVING    OVER    PLAIN    BEARINGS. 

70  per  cent,  les.s  friction  and  70  per  cent,  less  starting  effort  compared 
\\'ith  the  best  plain  bearin};;s. 

Also    BALL    BEARINGS    OF   ALL    KINDS. 

A    ROLLER    BEARING    may  be  seen  by  appointment    running  at    1,350   revolutions 
per  minute,  with  a  load  of  ONE  TON  on  a  1  in.  diameter  shaft. 


The  Roller  Bearing  complete,  with  part  of  Outer  Bush 
cut  awav  disclosing  Rollers. 


The 


NO  BRASS  or  BRONZE  FOUNDER 

Can    afford  to  ovcrl.ioK   tliu    ad\antage   nt  using 

"CROmiL" 

CUPRO-SILICON 


Pamphlet  on  application  to  .  .  . 

CROSIER,  STEPHENS  6  Co., 

2,    Collingwood    Street, 
Also  at  NEWCASTLE=ON=TYNE. 

101.    Redcross    Street.    Borough.    LONDON.   S.E. 


^.^    P^r. 


•a 


< 
a. 

C3 


J.  B 


a   o    2 


3 


ENNF.TT  VON  DPR  HEYDE.  6.  Brown  Si  .  MANCHESTER. 


AUTO   MACHINERY  CO.,  Ltd. 

READ     STREET.    COVENTRY. 


TRlUMPtl 
STOKER 


TRIUMPH  STOKER  L9. 

33,  VICTORIA  ST.,  LOUDON. 


MOTORS  &  DYNAMOS  '"sfzEs'^ 

Electric  Fans, 
Hand  and 
Foot=Povver 
Driving  Gears, 

for  Dynamos.  Ctc. 
CATALOGUE  ON  APPLICATION. 


Telegrams:  "Commutator. London.' 


29,  ClerKenwell  Rd.. 
LONDON.  E.G. 
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InlAdMiGIl 


i!i 


^ 


Bridges,  &c. 


K    2 


Pumps 


DO  YOU 
WANT 


PUMP? 


^m' 


This  may  seem  a  somewhat 
unusual  way  of  advertising 
Pumps,  but  if  you  do  want  one 
— no  matter  for  what  particular 
service — ^and  will  drop  us  a 
line,  we  can  show  you  that  we 
have  a  good  article,  and  can 
suit  you. 


^ 


Blake 

7     IO'-6-x  IP  \ 

|_B01LER  FEED    PUMP       | 


WE    MAKE    PUMPS    OF    EVERY     DESCRIPTION    AND 

OF    EVERY    SIZE. 

CATALOGUE    AND    PRICES    ON    APPLICATION. 
The    .    . 

Blake  &  Knowlcs  Steam  Pump  Works, 

179,  Queen  Uictoria  Street,  Condon,  e.C- 


LiuMi.jiiiuL^'^^^  ■' 


\^ 
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Inlad/ailKlllf    Laundry  Machinery 


Laundry .  . 
Machinery 


AND 


Of  every  Cooking 

possible  A  J 

description.     App^ratUS 


The  experience  of  more  than  half  a  century 
enables  us  to  give  expert  advice  in  every  department 
of  laundry  ^orh  and  in  the  case  of  large  establish^ 
cnents,  to  advise  upon,  and  if  necessary  reorganize 
the  whole  of  the  arrangements  from  the  Receiving 
Office  to  the  PacKing  and  Delivery  Rooms.  The 
largest  maKers  of  laundry  machinery  in  the  world, 
we  rely  upon  the  name  "  Summerscales "  to  carry 
its  own  guarantee.  At  our  offices  in  Coney  Lane  we 
have  a  large  staff  of  draughtsmen  constantly  engaged 
In  preparing  designs  for  public  and  private  laundries. 
Our  advice  costs  nothing;  our  machinery  secures 
the  legitimate  equivalent  of  the  best  worKmanship, 
and  its  efficiency  is  constantly  proved  by  repeat 
orders   which    reach    us   from   all    parts   of  the    world. 


w. 

SUMMERSCALES 
6  SONS,   Ltd., 

Phoenix    Foundry, 

Keighley,    England. 


Iromtii^  and    Fim^hint;  .M;icliine. 


Ironin^tJ    Miicliint: 


*  Washing,   Boiling,  Rinsing,  and  Blueing;  Maclune. 
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li^®agDK]IE)f        Water  Gauges 


n 


NO  DANGER  FROM  BROKEN  GAUGE  GLASSES. 


Winn*s 


PATENT 


RELIABLE 


tH;      S^ 


Water 
Gauges. 


SPECIAL    LOCOMOTIVE     PATTERN. 

^     ^     ^ 

AUTOMATIC  VALVES  IN  BOTH  STEAM 
AND  WATER  ARMS.  WHICH  INSTANTLY 
CLOSE  UPON  THE  GLASS  BREAKING,  AND 
IN  NO  WAY  INTERFERE  WITH  THE 
OPERATION  OF  BLOWING  THROUGH. 

CLEAR    STRAIGHT    PASSAGES 
UNOBSTRUCTED      BY      THE      AUTOMATIC 
VALVES.  MAKING    FALSE   WATER  LEVEL 
IMPOSSIBLE. 

NO  LOOSE  BALLS:  EACH  AUTOMATIC 
VALVE  ATTACHED  TO  ITS  RESPECTIVE 
VALVE    PLUG. 

If       t^       t^ 


Charles  Winn  &  Co. 


St.  Thomas'  Wo 


^tanvn.e   S.ree..  BIRMINGHAM. 


f         *■         *■ 

CARDIFF:    21.  West    Bute    Street.  NEWCASTLE  =  ON=TYNE  :    26.  Grey    Street. 
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Packings 


THE 
BEST 


METALLIC  PACKING 


IN     THE     WORLD. 


OVER    130,000    FITTED 

TO    ALL    TYPES     OF    ENGINES     IN     EUROPE,    ASIA. 
AFRICA.    AND    AMERICA. 


Supplied   to   the    British.   United    States.    Dutch,    Spanish, 

Japanese,   6c..    Navies.      Friction    Decreased.      Power  and 

Fuel     Saved.  Vacuum     Improved.  Automatic     Self= 

Adjusting.     Steam  Setting.     Entirely  Metallic. 


United  States  Metallic  Packing 


CO.,    LTD. 


Telcs;i:>m« :  •'Metallic.  Br.iclii>r(l. 
Telephone  No.:  604. 


BRADFORD. 


Also   MaKers  of 

^"p^oaTAsir"  Power  Drill  &  Reamer. 

AIR    COMPRESSORS    and     PNEUMATIC     HAMMERS. 
PNEUMATIC     HOISTS.      PNEUMATIC     PAINTERS. 
PNEUMATIC    RIVETERS.    <&c..    6c. 


COMBIMAViel      1 


POR 


NORIIONf Ai  INCINIf 

BVIAHO  EHCIIIS.PIIiVI  &C 


80,««0  SK«S  VIVVRS 


^QtMB^^ 


NR  COMB!  MAV  ROM 


9ABKRIi€<««» 

PVNB 
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Brass  Foundry 


Hunt 


and 


Mitton 


MAKERS    OF 


HIGH-CLASS 
FITTINGS  ONLY 

for  Engines  and  Boilers. 


Engineers' Brass  Finishers. 


CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM 


Palcnl  ••  End  Sight  '  Oil  Di-tribuling  Box. 


Telegrams : 
'  Mitton,  Birmin'GHam 

Telephone  :  394. 


Complete  Selt-containcd   Boilei  ^U 

Kquipment. 


iinmiiin  (j 


(        l||ll         Sc.lidilied  Oil   Ci! 
1 


E 


^ 


Oil  Gauge  Indicator  for  Solid 
Bcaringb. 


hte.'im  Cjiiuilti  Gic.ihc  Cups. 
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Killiiigbetk's  Sij;M  I'ced  Lubricator. 


Inli^oMnDaiif 


Miscellaneous 


it 


MOSSES  So  MITCHELL'S 

Genuine  Vulcanized  Fibre 

SHEETS. 
TUBES. 
RODS. 

INSULATORS. 
VALVES. 

WASHERS. 

STAPLES. 


WRITE    FOR    PAMPHLET    AND    PRICES. 

MOSSES    &    MITCHELL, 

70-71,  CHISWELL  STREET,  LONDON,  EC. 


.  .  RATENT  .  . 

LUBRICATORS,  OIL  CONDUCTORS, 

GREASE    CUPS. 


FINEST 


Various 
Sizes 


QUALITY. 


Slancard 
Tlireads 


BEARING    BALLS. 


_9 
32 


_5  _3^  7_  j9_ 

16  8  16  2  16 

Cast  Steei   and    Pliosplior   Bronze 
Send     for     New     catalogue 


TEALE   6  CO.,  Birmingham. 


W.H.WILLCOX  6  Co.,  Ltd. 


23,  34  and  36,  SouthwarK  Street,  LONDON. 

PENBERTHY    PATENT    I^NJECTOR 


® 


For  ALL  Boilers. 


Acknowledged  the  best  for  Traction 
Engines.  &c. 


OVER    250,000     IN     USE. 

HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point. 

Works  on  High  and  Low  Pressures. 
AUTOMATIC   and    RESTARTING.  Lifts  up  to  22  ft. 

IN     3     STYLES     AND     16    DIFFERENT     SIZES. 


ASHTON'S  ?2K-  LUBRICATORS 

J\lEVEP  FAIL.       Thousands  Sold, 


SENT    FOR    ONE    MONTH'S    FREE    TRIAL. 


Size 


Pints. 


|.^  Price       36-  39-  43-  "75-  iiO  -    each. 

^^  Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

THOMAS   A.   ASHTON,    Ltd.,  Norfolk   Street,  Sheffield. 


AsK  for  List  36 


8l 


MMif 


Lubrication 


"VACUUM"    WASTE    OIL    FILTERS    (Patent). 

SAVE    INITIAL    OUTLAY    IN    A    SHORT    TIME. 

Prices  from  37s.  6d.  lo  £21  eadi,  «ith  filtirini;  cap..cities.  v.irvins  from  2  s^all.Mis  per  weeK  t^  ■«  .gallons  per  day.      (In  three  types  1 
Largely  adopted  by  gas  engine  andt.fhcr  .nlidrinery  users.     Invaluable  u,r  Electric  Lighting  Stations.     1-  uU  particulars  on  appl.cat.on-also  .^' 


Closed. 


"B"  TYPE 
PATENT  FILTER 


Open. 


=  «.r  =.S 


z 


•0 

« 


a 

-  3 


VACUUM    OIL  COMPANY.  L^*^    Norfolk  Street.  LONDON.  W.C. 


How  the  Oil  Got  There 


yve  could  not  in  the  least  comprehend, 
until  we  saw        41        -f        41        -fi 


KAYE'S     PATENT    OIL    CAN 

used.  This  ingenious  contrivance,  the  outcome  of  thirty  years'  experience,  is  seamless, 
has  a  seamless  Spout  ^vhich  may  be  bent  in  any  direction,  a  new  Valve  and  Spout 
Attachment,  and  a    Valve    Thumb    Button   by    which    the   oil    is    released    at    will.       -*     ■* 


JOSEPH       K.AYE       &      SONS,       Ltd.,      and    93,     high     HOL^BORN.    LONDON.     W.C. 
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THE  UNIVERSAL  I 
CARBURIZER.  J 


The  Latest  and  Most  Efficient 
Process  for  Case=Hardening 
Iron  and  Low  Grade  Steel.    .   . 


Ba$  many  atJvantaacs  over 
cperv  other  known  process : 

Deeper  penetration  In  one  fifth  the 
lime  required  by  ordinary  material. 

Does  not  blister  or  otherwise  damage 
the  surface  of  the  metal  treated. 

Does  not  produce  brittleness. 

Specific  weight   less  than  most  other 
—  niiiterial. 

Price  £10  per  Ton,  12,6  per  Cwt,  '^147|«* 

TheBRITISH  CARBURIZING  Co.,Ld., 

Castle  Wharf,  Hampton  WicK,  Middlesex. 

W    H.  LK.  I,  Ik    Sctiet.-irv, 


The 


ii 


MclNNES-DOBBIE 


PATENT 


Indicators 


CEStON 

NO.  2 

t;;C;TRUMENT. 


External 
Prec:u;.c   Spr.iNQ  Tv^C 


^  =  for  ^  = 

HIGH    6    LOW 
SPEEDS. 

In  two  Cvpcs:— 
External  Spring 

and  =   =  = 

Enclosed  Spring 

Each  made  in  several 
Forms  and  Sizes. 


SPECIAL  INDICATORS 
for  Gas  Engines. 


Sole  Makers  : 


T.S.McInncs^f'Co^Ld., 

INDICATOR   MAKERS    TO    THE   ADMI RALTY , 

41  «&  42,  Clyde  Place     =      =     GLASGOW. 

London  OHice    113    FENCHURCH   ST     E  C 


Miscellaneous 


.I6c5t  Morf;  rccimrcs  Best  ^ools. 

The  CORRECT  TOOL  for  WRITING 

/S       UNQUESTIONABLY      THE 

"SWAN" 
Fountain    Pen. 

Three  Sizes,  IPs   6d  .  16s   6d  .  26s. 
All   Prices,  10s  6d.   to  £20. 


MAY  BK  POSTED  TO  AL,L  PARTS  OF  THE  WORLD 
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SOLO  BY  STATIONERS  EVERYWHERE    COMPLETE  CATALOGUE  FREE. 

Mabie,  Todd  &  Bard,  •"""f^"""" 
93,  Cheapside,  London,  E.G. 

95a,   Regent  St.,  W. :  3,  Exchange  St..  Manchester-  and 
37.   Ave.  de  I'Opera,    Paris. 
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TiS, 


mMmt      Time   Recorders 


IDISeiPLIJVE, 
EXA©TJSfeSS, 


Are  the  THREE  F3CTOR^  OE  SUCCESS 
IN  riANUEACTURlNO  OROANIZATION. 


Our_Svsicm,  :;:;rjl-,^ 


vith  its  many  variations   and  great  adaptability, 
three. 


International  Time  Recording  Co., 

171,    Queen    Victoria    Street.    LONDON.    E.G., 

and    19,    Waterloo    Street,    GLASGOW. 


Send  for  Pamphlet:  "Cost  Keeping  C  Mow  to  do  it." 


lnlA®MiGi 


Office  Fittings 


The  Old  Way. 

I.ctttrs  on  one  subject  scattered  through 

h.'tli  a  dozen  copy-book?  and  tiles. 


Look   Here  Upon 
This  Picture: 

An  Old  Style   Filing   System. 

Tedious  slmi'cIuhl;  through  lilcs  aiui  copv-hooks  for 
letters   needed    in    a   hurry. 

Tiresome  huntiug  (or  waiting  while  a  clerk  hunts) 
for   all   the    correspondence    on    a    particular   subject. 

Never  quite  certain  of  having  all  the  rec|uircd  letters 
or  papers    together    at    one    time. 

Something  almost  sure  to  be  missing — jierhaps  the 
tiling   wanted    most. 

Worrv,    exjiense,    lost    time,    and    temper. 

And  On   Tliis: 


.\ny  letter,  document,  report,  catalogue,  drawing, 
or  memorandum  in  the  oftice,  or  any  desired  iollatioii 
of    them,    produced   at    a    moment's  notice. 

Xo  misplaced  letters  or  papers.  No  re-indexing, 
re-ari;inging,  or  constant  tr.ansferring.  Only  one  place 
to  tile  anything  and  only  that  place  to  look  for  it, 
now   or   fifty   years   hence. 

All  the  letters  on  any  one  subject,  or  to  and  from 
one  C(jrrespondent,  brought  to  your  desk  together 
/;;  one  coiiipini  Iiaiidv  packin^c  arr.mged  by  date  ready 
for   reading. 

A  Library  Bureau  System 
Makes  the  Difference. 

Write    for   our    60=p3ge    booK    describing    it. 

Library  Bureau,  Ltd., 


The  Modkkn   Wav. 
All  p.ipers  on  one  subject  in  out  binich 


LONDON:  10,  Bloomsbury  St.,  W.C.    MANCHESTER:  II,  Exchange  St.    BIRMINGHAM:  58,  The  City  Arcades. 
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Time   Registers 


The 


kk 


Dey 


Employers  and  Employes  mutually  satisfied. 
The  Cheapest  and  most  Perfect  Automatic 
Time  Register  in  existence. 


M 


Time  Register 


Interior  of  "Dey"  Time  Register. 


HIGHEST 
TESTIMONIALS 
FROM  THOUSANDS 
OF  USERS. 


No  Keys,  Checks,  Cards,  Pin  PricKs,  or 
Disputes.  1,500  persons  registered  in 
five  minutes.  Collusion,  favouritism,  or 
errors  eu-e  impossible.  The  exact  minute 
printed  in  bold  type  on  time=sheet. 
Compare  this  with  other  systems. 


ENGLISH  manufacture  throughout, 


Demonstrating  simplicity  of  mechanism  with  Time  Sheet  on  Drum. 

For  lllustratei  BooKlet,  giving  full  particulars,  apply  to 


HOWARD  Bros., 

10,  St.  George's  Crescent,  LIVERPOOL. 

Telegraphic  Address  :  "  Sonner.  Liverpool."  Telephone  :  7150  Liverpool. 

London    Offices:    lOOc,    QUEEN    VICTORIA    STREET,    E.G. 

Telephone:    5690    BanK.  TeleErams  :    "Countable.  London." 
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Friction  Clutches 


-u> 


HEYWOOD    dJ    BRIDGE'S 
Improved     Patent     Friction    Clutch. 

(A    CLUTCH    FOR    ALL    DRIVES.) 


HUNDREDS 
OF  REPEAT 

ORDERS. 
THOUSANDS 

WORKING. 


Shaft   Coupling 


Counter  Drive. 


#||=^ 


Double  Clutch 


OVER  200  OF 

OUR    CLUTCHES 

SUPPLIED  TO 

ONE  FIRM 

ALONE. 


DiNAMo  Drive. 


General  Drive, 


NEW  WORK. 

60   PACES. 

FREE. 


Aux     Drive. 


COMPLETE 

CLUTCH 

INSTALLATIONS 

OUR 

SPECIALITY. 


Heavy  Hauling. 


th'ouif'attimTs''^'^l.'nl^''h''''T?'^"^^^^  power  exerted  in  driving  the  ge.iring  is  ullcrlv  wasted,  i.r  the  simple  re.ison  th.nt 

inougn  at  units  .1  parlor  the  whdie  of  the  machinery  in  one  or  more  rooms  mavbecntirelv.it  rest  fl»»  main  <h>r<i...  i.  u__. 
"  '"Su^I-^ric  ™  Cluteh?"''« ,""  -'!-,"">'!■"""'  unneccssarj.  power,  to  siy  riMUiTolllV^t^*^.^^^^^^^ 
reauircd  bu  nv  hi  h  ■  '"'^'"""^'y  '"""•''  'hron.chout  vonr  worl<s  or  mill,  will  not  only  effect  a  l.irgc  saving  in  the  motive  power 
mSen  The  rsunerin  ■?"'""'  ?;  "■"  /"i  ^<^^"""%f""<'cnt  by  perm  Iting  any  attendant  to  instaiitlv  stop'the  main  shafting  or 
Mnnecti?.;  and  di^Tn.  1  V'-^"'"  ""i  "^""^  !,■■"'■  ™"P'":P'  '■'P^'''  ^""'^^  '"'"ior  cintches.  etc.,  renders  them  ipeciallv  applicable  for 
^™t„  feature  U^T.hJt  ',""h"'1'"-I^  n,ach,nes  from  the  mam  shafting  :  for  instance,  those  cl.as.ses  of  machiner\-  of  which  it  is  an 
essential  leaturc  that  they  can  be  started  and  stopped  either  gradually  or  instantly  without  the  slightest  shock  or  jar.     Full  details  on 

applicalion. 


DAVID   BRIDGE  6  CO., 


Lcndon  Cffice 


Castleton  Iron  Works.  ROCHDALE,  LANCS. 

-        -        -  -  35,  QUEEN  VICTORIA  STREET,  E.G. 
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Card  Systems 
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Miscellaneous 


SIKOCCO'  FANS  FOR  S.S.  "CELTIC' 


"SIROCCO" 

Centrifugal 
Fans 

.  .  FOR  .    . 

VENTILATION, 
FORCED    DRAUGHT, 
INDUCED  DRAUGHT. 
HEATING, 
COOLING, 
DRYING, 
REFRIGERATION. 
DUST   REMOVAL. 
FORGE  FIRES,  iv.c..  i;.c. 


3Lso  "Sirocco"  Propeller  t^ans,  l^urnace  Fronts,  Engines,  etc. 


Illustrated    and    Descriptive    Pamphlets 
on    Applicatione  -^  -^  -*  -* 


DAVIDSON   6  CO.,  Ltd., 

'""='" ^T,??„':e!^r.,'rS"' '"''''*•  "Sirocco"  Engineering  WorKs,  BELFAST 


Northern  pailway  of  prance 

SOUTH     EASTERN     AND     CHATHAM     RAILWAY. 


FREQVBNT  and    RAPID    COMMUNICATION    between    LONDON    and    PARIS. 

SHORTEST    SEA    PASSAGE 


SIXTV      IVI I  P<(  U 17  E  S  u 


FIVE    OUICK    SERVICES    DAILY,    as    under:- 

Via     HOtTE^R       A  I«  I>       CA.i:iA.IB. 

Depart,  irom  London.  Arrival  in  ['aris.       Uepart.  from  Paris. 


9  a.m. 


I  For  P.\KIS  only 


445  P-m- 


(  For  Intermediate  Stations 6.5     p. 111 

t     II  a.m 6.55  p.m 

X      ')  I'ln 5  5 


t     S.15  a.m.     For  Intcrmetli.ite  Stations    ■)     ,  ..  ,, 
t*  945  a.m.     For  C.VL.VIS  only  /  +>■■"■ 


.\rrival  in  London, 
ni. 


t*ii..i5  a.m. 


n.   i   t    ')■<'     P-'" 


7.0  p.m. 
5.40  a.m. 


Depart,  from  Ix)ndon.  Arrival  in  Paris.       Depart,  from   Paris.  .Arrival  in  London. 

*     10  a.m.    6.5     p.m.       ;     8.15  a.m .345P-"i- 

l*2-2op.m 915p.m.    I    t     3.0     p.m.\  lo4ipm 

I  2.20  p.m 10.50  p.m.       t*  4."     P-iiij  ' 

t  1st  and  2nd  Class  only.  J   1st.  2nd,  and  3rd  Class. 

*  Restaurant  Car  between  Paris  and  Calais  or  Boiilo.t;ne,  and  f/.v  versd. 

',*  First-class  Hotel  and   Restaurant  at  the  Gare  du   Xord,  Paris,  and 
.it  Calais  Maritime  Station.     Luncheon  H.islcets  obtained  at  fixed  prices. 


'J' 


<;    .ft*:! 
■'■'■■'-■  '  ■■'iM. 


Advertise  in  the  Clouds ! 

Put     your     ndvc-itisL-nient     where 
buyers  of   machinery  will  read  it. 


THE  PROPER   MEDIUM  ^ 

^ \ \ i  ^  ' 

For  moncv-inaking  is  the  journal  \\ 
that  leads. 


PAGE'S   MAGAZINE 

Is  not  succeeding  by  accident, 
but  because  there  is  unlimited 
push  and  energy  behind  it.  -\11 
the   world  over,   it 


IS   GOING   AHEAD. 

You    can    easily   verify   thi 
trial  contract  will  prove  it. 

Clc.\  HorsE, 

ScRKEv  Street, 

LOXDOX,  w.C. 
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Miscellaneous 


RICHARD    DAVIES    &    SONS 


VICTORIA 

BOLT  AND  NUT 

WORKS, 


BILBERRY 
ST„ 
MANCHESTEI^.  -^^ 


Mmufacturers  of  BOLTS.   NUTS.  WASHERS.   RIVETS,  TIE-RODS    IN    IRON   OR  STEEL.     Also   BEST    BRIGHT   FINISHED  NUTS, 
SET  s:REWS.   WASHERS.  &c..  FOR   ENGINEERS  AND   M.-KCHINISTS.    Teleeram.:  "HEXAGON,  Manchester." 


EDWIN  MILLS  &  SON, 


ESTABLISHED 
1810. 


mvicv  5un  lUoilo,  HUDDERSFIELP. 

HYDRAULIC    PRESSES  for  all  purposes 
HYDRAULIC    PRESS    PUMPS     ■•< 


.< 


Hydraulic    Hoists    and     Lifts. 
ScreAv    Presses  of  an  dcscripiions. 

Textile  Stuff  &  Finishing  Presses. 

Oil  Presses.  Fibre  Presses.  Jj 

Cot'.on  and  Wool  Presses.  • 


H.iy  .and  Straw  Presses. 
Steam,  Hand,  and  Belt  Driven 

High    Pressure   Pumps. 


Press  and  Pump   Leathers  of  Best  Manufacture  always  on  Hand. 


l.xiiM.   i*Ki-:ss. 


r,;,x'>.im<     ■OMO.  HIDDER^hlKI-li: 


A   I:  C  Cod,;  4IU  mid  -ilh  edilit 


Irfei^im 


Office  Fitting:s 


How   do    you    Know? 


This  Card  Index  System,  combined  with 
The  Shannon  Letter^Filing  Cabinet, 


lliakL-a  VOll  llKlcpcIKtclU  '<\   \"lll"  ^t-ni. 

You  can  I'">k   up  matters— I,etlc-is, 

Answers,   Contracts,    Kn^aRc-incnts, 

&c.— without  ringing  your  bell    all 

the  lime. 


Secure    Instant    Reference 

by  usiag  the 

Shannon     Filing    Cabinet. 


If  you  are  losing  or  maKing 
Money?  If  you  want  to  be  quite 
sure,  and  not  have  to  rely  only 
on     an     Annual     Balance     Sheet, 

You   should  ADOPT 

T  SHANNON  CARD  INDEX, 

Wherein    you    can    gather    full 
information     on    Hundreds   of 
subjects    in    one   drawer. 


I(  you  u«  a  Slunnon  Rapid  Leilcr  Copier,  this  tiles  tht  copie*  wilh 
tlie  letters  to  whicli  they  are  jnswcrv. 


Write  OP  call   lo 


THE  SHANNON,  Ltd., 


F.     W.     SCMAFtR, 

MiriJtint   DincKr. 


Ofticc,   3Gnnh    cln^    Shop    a-ittcii^. 

ropemakf:r   street,   e.c. 
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Standard 


BLOWING    &    EXHAUSTING 


Right  Hand  Horizontal  Discharge  Exhaust  Fans 
For  Electrical  Driving. 


Fans. 


STANDARD  ENGINEERING 

CO.,  LTD., 

43,    WELFORD    ROAD, 
LEICESTER. 

And    at 

SCHOOL     LANE, 
KETTERING. 


Further    Illustrations   and    Tabic   of 
Dimensions    on     Application. 


EXHAUSTING   FAN, 
Right  Hand  Bottom  Horizontal  Discharge. 


BLOWING    FAN. 
RiRht  Hand  Bottom  Horizontal  Discharge. 


H    2 


^".(aMDKlil^        Miscellaneous 


The 


Remington 


Is    the 
Universal    SaVer. 


Typewriter 


It    is    a    Time    SaVer,    a    Labour    SaVer, 

An    Expense    SaVer,    and    a    "Business    "Builder. 


WYCKOFF,  SEAMANS  &  BENEDICT 

(REMINGTON      TYPEWRITER      CO., 

100,    GRACECHURCH    STREET,     LONDON,    E.C. 

West   End    Branch  :    2b3,    OXFORD    STREET,  W.  And   all    large   Towns. 


Waygood  &  Otis, 

LIFT    MAKERS,  ltd.. 

36b  Special  appointment  to  ■||.■t./l^.  the  Iknui. 


tinu*-    1 


^^-^^  n 


:  ir  yi-5 


Electric,  Hydraulic,  Belt  Driven,  Hand 

LIFTS   &  CRANES. 

Falmouth    Rd.,   LONDON.    S.E.. 

4.    QUEEN    VICTORIA    STREET.    E.C 


THE  NEW 
HAMMOND 


MANIFOLDING 
TYPEWRITER. 


PERMANENT     ALIGNMENT. 

INTERCHANGEABLE    TYPE. 

DOES     NEATEST     WORK. 


CATALOGUE,  with  full  particulars.  Post  Free  on 
application  to 

THE    HAMMOND   TYPEWRITER   CO., 

50,    QUEtN    VICTORIA   STREET,    E.C. 
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Inl^SMnKlgir         Filing  cabinets 


NULLI  SECUNDUS 


"Second   to    None." 


THE 


Lyle  Dossier  File. 


THE  MOST 

MEANS  OF 

CORRESPONDENCE 


THE  FUTURE 
THE  PRESENT 


THIS  IS  WHAT 


PERFECT 

ORGANISING 

KNOWN. 


AS  WELL  AS 
IS  CONSIDERED. 


YOU  WANT. 


THE    LYLE    CO.,   Ltd., 

Card    System    and    Office    Experts, 

HARRISON    STREET,  GRAYS    INN    ROAD, 

BancH    Office  LONDON,       W.C. 

Cleveland   Bldgs.,  MarKet  St., 
MANCHESTER. 
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We 

Have 

THE 

TYPE. 

THE 

TOOLS. 

THE 

MEN, 

For 

Smart 

Catalogues. 

vs 


Miscellaneous 


tliigttitmimmmmmiili^ 


Walter  Judd,  Ltd., 

fldi'crtisinfl  Goiitractors  to  fi.m.  Goocriimcnt. 


QUEEN     VICTORIA     STREET. 
LONDON.     E.G. 


■P 


•- 

TO     ADVERTISERS. 

Wc   are  willing  lo   give   Advice  and    Estimates   free 

of    charge,    and    to    assist    your    Advertising    by    sub- 

milting    smart    attractive    designs.     Consult    us    if   you 

wish  to  make  your  Advertising  a  success. 

WALTER    JUDD.     LTD., 

T'-l'-ffrtm-t :                                                                                                             ceNERAL    advertisinc    contractors. 
••TE..OTV™,  LONnOK.                                                                                                          s_     Q^^^^     V,Cr<,R,A     ST.. 

;i-:i;  it.vNK.                                                                                                          London,    e.g. 

Miscellaneous 


«$^^^^*#$*##**^****#**^#^*^#*$*#*********#^*###*ai 


CONTRACTORS  TO  H.M  GOVERNMENT,  FOREIGN  GOVERNMENTS    HOME  &  FOREIGN  RAILWAYS. 


T 
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N 


'^"''PORAT.HC  F'«^5    "^*BL,SMEDo,, 


R    :  0  0  V  t 


^w.s 


V- 


FltMlNGBiRKBY&CoODAllE? 

West  Grove  Mill, HALlPAx 


TELeoKAFHic  Address  :  "FLEMING.  HALIFAX.' 
Telephone    No.   48    Halifax. 
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L 
T 
I 

N 
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^ 
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It 


^^^^^^^^$^^^$$^$r$$^$$^$$^$$$$$$$^$^$^$$$$$^$$$$$^ 


If  it   is   Money  you   Want     Use 
CARBORUNDUM 

The  20th  Century  Abrasive. 


WORKMEN    LIKE    THHM. 


tinif  .    tiiiK'  ^:ivt'il  me. ins  inn 


Others  use  it,  why   not 
YOU  ? 

W'tile    Us    or    our    Aj^ents    for 
Cataloi^ne  and  Prices. 

THE    POLISHERS 
SUPPLY  CO., 

I;ntisli  A.^eiiW, 

27,    Chancery    Lane, 
LONDON,    >V.C. 

I'lrk-^iams  : 

'    CKioKIX     LOMMiX,' 

A  li  C   and  Liclicr  Codes  used. 


British 
Steam       li 
Specialties 

LTD., 
FLEET    ST., 

LEICESTER. 

Telegrams:  ■' BOSS."  J^ 


E.S.HINDLEY&SONS 

WorKs:    BOURTON,   Dorset. 

London  Show  Rooms  and  Stores 

11,   Queen    Victoria    St.,   E.C. 

STEAM 
ENGINES 

HIGH  SPEED, 

SLOW   SPEED, 

VERTICAL, 

HORIZONTAL. 

SIMPLE, 

COMPOUND. 


Ulritc  for 
Quoiiitions. 


STEAM 
USERS' 


INCREASED 
STEAMING 
CAPACITY 
AJ 
LESS 
I  COST. 


CAN   BE 
APPLIED 
TO   ANY 
TYPE  OF 
STEAM 
BOILER. 


GOAL  BILL 


TO 


"[t'f"^- 


QREZWS 


%. 


Effects  a 


SAVING 


of 


to 


in  COAL 

by  UTILIZING 

the  WASTE  HEAT 


in    FLUE   GASLo 
from 
SteanV 


Boilers. 


WOLVERHAMPTON 
EXHIBITION      .     .     . 

GREEN'S    ECONOMISER  PAVILION, 

ll'i>i;i.'   -iilt-  ciitr.iiicL'   [•'   MaciiiiKTV    II. ill. 


E.  GREEN  &  SON,  Ltd., 

2,  Exchange  Street, 

MANCHESTER. 

J  Telegrams:     "ECONOMISER." 
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